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1. Introduction

Cell range expansion (CRE) and almost blank subframes (ABS) have been identified as key techniques in Rel. 10 eICIC WI. Extensive studies have been carried out on the potential gains of CRE in Rel. 10, especially in RAN1 62bis meeting in Xi’an. It was observed from the simulation results of different companies in Xi’an meeting that “CRE gives gains at least for low to moderate cell association bias values” [1]. The main discrepancy among  the results is the need of the large cell association bias value. It is generally believed that the current LTE systems can work sufficiently well for low to moderate bias values. The benefit of large bias values may indicate RAN4 should increase the receiver requirements for decoding critical system signals/channels such as PCI/MIB/SIB-1. In this contribution we provide more simulation results for Macro-Pico scenario in additional to our Rel. 10 results [2].
2. System configuration
For the best HetNet throughput, we optimize the ABS ratio according to the cell attachment ratio change caused by the CRE bias increase in the Pico cells.  The ABS adjustment granularity is 1/8. On the Pico side, we balance the load among ABS and non-ABS to achieve the best Pico throughput. Thus the overall system throughput is close to the optimum. Figure 1 illustrates the load balancing among Macro and Pico and within the Pico.
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Figure 1, ABS ratio optimization with 1/8 granularity for each RSRP bias value.
For the CQI reporting, the Macro UE only reports CQI for the non-ABS subframes. The cell centre Pico UEs need to report CQI for both protected subframes and non-protected subframes using two CQI reporting instances. The cell edge Pico UEs only report CQI for the protected subframes.
3. Full buffer results 
We assume that an ABS is free of Macro layer interference including CRS to PDSCH and CRS to PDCCH. 
Table 1, Full buffer results with ideal assumptions and uniform UE dropping, configuration 1
	Throughput Reference Point
	No CRE
	6dB CRE
	12dB CRE, 3/8 ABS
	18dB CRE, 1/2 ABS

	5% (bps/Hz)
	0.055 (100%)
	0.072 (131%)
	0.073(133%)
	0.079(144%)

	50% (bps/Hz)
	0.266 (100%)
	0.29 (109%)
	0.32(120%)
	0.328(123%)

	95% (bps/Hz)
	1.25 (100%)
	1.05 (84%)
	1.046(84%)
	1.044(83%)

	Cell Avg (bps/Hz)
	2.477 (100%)
	2.367 (95.6%)
	2.5(101%)
	2.49(100.6%)

	Macro Attach Ratio
	46.7%
	35.3%
	25.6%
	17.4%


Observations 1: Under ideal assumptions, Pico cell CRE + ABS provides significant system throughput gains in low to medium UE throughput over no CRE case. However, most of the load balancing gains is obtained using low to moderate CRE bias values. The additional gains with large bias are limited.
Table 2, Full buffer results with ideal assumptions and clustered UE dropping, configuration 4b
	Throughput Reference Point
	No CRE
	6dB CRE, 2/8 ABS
	12dB CRE, 1/2 ABS
	18dB CRE, 1/2 ABS

	5% (bps/Hz)
	0.101 (100%)
	0.116 (115%)
	0.127(126%)
	0.119(118%)

	50% (bps/Hz)
	0.413 (100%)
	0.418 (101.1%)
	0.432(104.5%)
	0.425(102.8%)

	95% (bps/Hz)
	1.086 (100%)
	1.102 (101.5%)
	1.05(96.6%)
	1.001(92.2%)

	Cell Avg (bps/Hz)
	2.891 (100%)
	2.91 (100.7%)
	2.9(100.4%)
	2.85(98.6%)

	Macro Attach Ratio
	29.1%
	19.2%
	12.3%
	6.9%


Observations 2:CRE+ABS provides smaller gains in clustered UE dropping than in uniform UE dropping. The gain of CRE saturates at a smaller RSRP bias in clustered UE dropping than in uniform UE dropping. 
We verified the consensus in RAN1 62b that “CRE gives gains at least for low to moderate cell association bias values”. The additional gains of a large bias value is limited as compared to the gain of low to moderate bias values. If we add CRS to PDSCH and CRS to PDCCH interferences in ABS subframes in simulations, the feasible RSRP bias value is expected to be even smaller. Thus we suggest defining the receiver requirements for various system signals only for low to moderate RSRP values.
4. Conclusion
In this contribution we provide more simulation results and reconfirm the consensus in RAN1 62b that “CRE gives gains at least for low to moderate cell association bias values”. Additional gains by using a large bias value is limited. We suggest defining the receiver requirements for various system signals only for low to moderate RSRP values. 
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6. Appendix
Table 3, SLS Simulation Assumptions
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	Hexagonal grid, 19 Macro cell sites, 3 sectors per site
4Pico/Macro cell

	Users per cell
	30

	Downlink transmission scheme
	SU/MU dynamic switching with max composite rank 2

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Ideal

	CSI-RS modelling
	Ideal

	CQI reporting mode
	PUCCH 1-1 with rank adaptation between 1 and 2

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1 in CoMP methodology

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Closely spaced ULA

	Control overhead
	L=3, 2 CRS ports, DMRS, CSI-RS

	Channel model
	ITU UMa to Macro and ITU UMi to Pico

	PHY abstraction
	EESM

	Inter cell interference modelling
	Realistic
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