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1 Introduction

We have evaluated the impact of CRS interference imposed from aggressor cell in HetNet scenarios [1]. In this contribution, we intend to analyze the spectrum utilization issue in macro cell. More specifically, since the resources would be unnecessarily wasted due to PDSCH muting in almost blank subframes (ABS), other solutions for instance power reduction may also be considered as candidate solutions to the CRS ICI issue.
2 Discussion
In this contribution, the following cases will be evaluated:

	Case
	Description
	Assumptions

	1
	No ICIC
	FeICIC is disabled

	2
	Zero-power
	FeICIC is enabled with zero transmission power in ABS for data channel

	3
	RP - X dB
	FeICIC is enabled with an X dB power reduction (PR) in ABS for data channel, where X is referred to as the PR factor


In our simulations, no CRS interference cancellation was used. More details about the simulation assumptions are provided in Appendix.

2.1 Spectral efficiency performance
The spectral efficiency (SE) performances with full buffer traffic are shown in Fig. 1 for macro cell and pico cell, respectively. As expected, in Case 2 (zero-power), a dramatic performance degradation from the non-ICIC baseline is observed from the macro cell. More specifically, we can see almost 40% performance degradation for both Conf. 1 and Conf. 4b cases, where the same ABS ratio was applied, while more than 10% performance improvement is earned by the pico cell in Case 2.
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Fig. 1: Macro/pico SE performance (CRE bias = 12dB).
In order to improve the SE performance, power-reduced ABS can be adopted by macro cell on its data channels to avoid unnecessary blank subframes. The results of a PR of 12 dB are also shown in Fig. 1, where 33% SE gain can be achieved for the macro cell in comparison to Case 2. Furthermore, only a slight SE loss (about 1%) for pico cell is observed when compared to Case 2.

Therefore, from the perspective of SE performance, the PR scheme indeed alleviates the performance loss in macro cell.
Observation 1: Zero-power ABSs result in significant performance loss in macro cell, but the situation can be greatly improved with the aid of reduced-power ABSs.
2.2 Cell edge performance
The average cell throughput in macro region and cell edge throughput for each case are summarized in Table 1.
Table 1: Simulation results of different power reduction schemes (Full buffer, CRE bias = 12dB)
	　
	ITU conf.1
	ITU conf.4b

	
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge

	No ICIC
	8.256
	0.043
	8.959
	0.058

	Zero-power
	7.725
	0.078
	9.090
	0.092

	RP - 3dB
	7.677
	0.070
	8.884
	0.059

	RP - 6dB
	8.043
	0.072
	9.011
	0.067

	RP - 12dB
	7.744
	0.078
	9.248
	0.082


According to the results, cell edge performance can be improved by properly setting the PR level. The cell edge degradation from Case 2 is illustrated in Fig. 2 below.
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Fig. 2: Cell edge throughput degradation of X dB reduced power in comparison to Case 2 (Full buffer, CRE bias = 12dB).
As can be observed from Fig. 2, a higher cell edge performance can be achieved by setting a higher PR factor X. Furthermore, X = CRE bias almost achieves the same performance as zero-power scheme under ITU Conf. 1. For ITU Conf. 4b, the gain of reduced power is lower since fewer UEs are associated with macro cell and therefore fewer macro UEs can benefit from it.
Observation 2: Higher cell edge performance can be achieved by setting a larger reduction factor X, and when X is equal to the CRE bias, the attainable performance is close to that of the zero-power schemes.

2.3 Standardization considerations

When reduced power schemes are used by macro cell in ABS, the associated PDCCH have to be enabled as well. In this case, the risk of pico UEs in demodulating their PDCCH arises. However, recall the conclusion from RAN1#61bis meeting that, there will be no problem for the control channel in macro-pico deployment without CRE bias [2]. According to Observation 1, it is reasonable that the PR factor X should be larger or equal to the CRE bias, and this configuration does not need specification efforts. Therefore, the reduce power scheme has no standardization impact on the control channels.

Observation 3: The reduced power scheme has no standardization impact on control channels.
Last but not the least, in Rel-10 restricted measurement has been agreed for adapting the impact of ABS on CSI/RLM/RRM measurements. Moreover, although the macro cell knows the PR factor X, it is still important for the macro UEs to have the knowledge about power offset between the reference signal and PDSCH in ABS, to facilitate their measurements of CSI, such as RI/PMI in close-loop MIMO, and to facilitate the QAM demodulation for PDSCH transmissions in the power-reduced subframes. For CRS based measurement, the power offset represents the power difference between CRS and PDSCH in ABS. For CSI-RS measurement with only one non-zero-power pattern, the power offset represents the power difference between CSI-RS and PDSCH in ABS.
Proposal 1: Power offset between the reference signal and PDSCH should be known at the UE side.

However, it has been agreed that multiple non-zero-power CSI-RS resources can be configured for Rel-11 UE [3]. The multiple CSI-RS resources can be reused in the reduced power scheme, by configuring non-zero-power CSI-RS for normal subframes and ABS subframes, respectively, with different power setting in different types of subframes [4]. In this case, the UE can be aware of the power offset, and perform channel measurement and demodulation properly.
Proposal 2: The design of multiple non-zero-power CSI-RS resources should support different power levels for different CSI-RS resources, which can help to inform the UE about the power reduction offset in ABS.
3 Conclusion

In this contribution, we evaluated reduced power scheme and have the following conclusions:
Observation 1: Zero-power ABSs result in significant performance loss in macro cell, but the situation can be greatly improved with the aid of reduced-power ABSs.
Observation 2: Higher cell edge performance can be achieved by setting a larger reduction factor X, and when X is equal to the CRE bias, the attainable performance is close to that of the zero-power schemes.
Observation 3: The reduced power scheme has no standardization impact on control channels.
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Proposal 1: Power offset between the reference signal and PDSCH should be known at the UE side.

Proposal 2: The design of multiple non-zero-power CSI-RS resources should support different power levels for different CSI-RS resources, which can help to inform the UE about the power reduction offset in ABS.
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Appendix: Simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Average user throughput, cell-edge user throughput

	Deployment scenarios
	Heterogeneous network with low power RRHs within the macro-cell coverage; 1 macro-cell with 4 low-power nodes

	Simulation case
	ITU UMa for macro, UMi for low power node

	
	3GPP channel model case 1

	High power RRH Tx power
	46 dBm in a 10MHz carrier

	Low power RRH Tx power
	30 dBm in a 10MHz carrier

	eICIC ABS ratio
	Adaptive according to LPN association ratio

	Number of UEs per cell
	30 for Config 4b, 25 for Config 1

	System bandwidth
	10 MHz

	Transmission schemes in DL
	TM9

	CSI-RS period
	10 ms

	CSI/CQI delay
	5 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs，2 CRS ports outside PDCCH region, 10 REs/RB every 10ms for CSI-RS, 12 REs/RB for DM-RS

	Number of Tx at eNB
	2

	Number of antennas at UE
	2

	Antenna pattern
	3D for macro eNB

	
	Omni-directional for low-power node

	eNB Antenna tilt
	12 degrees for macro eNB

	
	10 degrees for low-power node

	Channel estimation
	Ideal

	UE receiver
	Traditional receiver

	Traffic model
	FTP model 1 in 36.814
	High traffic load: 50% resource utilization

	
	
	Low traffic load: 10% resource utilization

	
	Full buffer
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