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1. Introduction
In the San Francisco meeting, the FeICIC topic has been intensively discussed mainly on the reduced power ABS (R-ABS), cell detection, and CRS interference, respectively. After the online and long offline discussion, the conclusion for FeICIC is listed as follows [1]:
· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed
· Detailed signaling is FFS
· Cell detection principles
· Network assistance to simplify UE implementation of cell detection for 9 dB (larger bias FFS) CRE bias
· Higher-layer signaling is utilized to aid the UE
· RAN1 continues discussion about the details of necessary specification changes
· Handling of CRS interference 
· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB (larger bias FFS) CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations
· Information on number of CRS ports of neighbor cell(s) is needed
· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed
· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI

· Inform other RAN WGs (RAN2/3/4) about this RAN1 decision
In this document, we present our view on the performance and signaling support of the ABS with reduced non-zero transmit power on control and data channel transmission.
2. Performance analysis
To investigate the characteristics of the reduced power ABS (R-ABS) in detail, we present some evaluation results by the Figure1-4 in appendix. The macro cell area average and the 5% edge user throughput in the configuration 1 and 4b are summarized, which include the “zero power ABS” and R-ABS cases. As for the R-ABS case, the power reduction value is set equal to the handover offset value whose purpose is to guarantee the Macro cell edge user performance. Since the ITU channel model is assumed here which may lead to relatively more Pico cell attach ratio, we employ a moderate ABS ratio 50% and a more aggressive ABS ratio 75%.
Based on the simulation results, we have the following observations:-
· Compared with the “zero-power ABS”, the R-ABS could provide relatively stable performance gain of the cell average and cell edge throughput. The performance gap resulted from different handover offset value is not as obvious as the “zero-power ABS”.
· If the ABS ratio is chosen properly to fit the load distribution well, the R-ABS could operate robustly and output attractive performance, which is not so sensitive to the handover offset value.
Apparently, R-ABS provides another optimization dimension other than the handover bias and ABS ratio, which helps to achieve intended performance target. However, we can also observe that this stability feature can make the optimization process easier for implementation. Hence we summarized the observation from the simulation results as follows:
Observation 1: With an ABS ratio fitting the deployment scenario and load distribution, the R-ABS (Reduced power ABS) provides robust performance boosting on both cell average and cell edge throughput.
3. Signalling support
3.1. Control channel related
Since the PCFICH, PDCCH and PHICH employ the QPSK modulation, the ratio of each EPRE to the CRS EPRE is not essential for the demodulation. Thus signalling support on the downlink power allocation may not be needed in this case. 
However, for the stable network operation purpose, the PCFICH, PDCCH and PDSCH, which are employed to transfer system information, are not suitable to transmit with low power. The purpose is to ensure the coverage of all the served UE [2]. As for the PDCCH carrying the UL grants and the PHICH with HARQ acknowledgement, it would benefit the MUE UL scheduling flexibility by transmitting with full/reduced power, especially for the case that the Macro cell load is low thus the interference impact on the PUE is very limited.
Therefore the downlink power allocation of the control channel may not need new signalling support but be handled by implementation.
3.2. Data channel related
If a higher order modulation is adopted to the PDSCH before transmission in an R-ABS, the UE needs the real-time information on the power ratio of PDSCH/CSI-RS EPRE to CRS EPRE, which is essential for the data demodulation and accurate CSI measurement.

Since this power ratio is a UE specific parameter currently provided by higher layers, the latest ratio may not be instantly acknowledged to UE once the power of the ABS is changed subframe by subframe. Thus new complementary information is required to guarantee that the UE synchronized with the DL transmission power changing. 
To fulfil the requirement mentioned above, we think the following two information components in the new signalling design would be necessary:-

· The power level indication

· The timing information
The first component could be a new power ratio or a power offset working on the basis of the current power ratio. Considering the R-ABSs are actually a subset of the ABS, timing information could reuse the format of current ABS pattern or CSI measurement reference resource subset bitmapping. For a more flexible power setting of the R-ABS, multiple sets of the above configuration can be provided to the UE.

By the above discussion, basically we have the following conclusion:
Proposal 1: New power level indication and corresponding timing information should be considered together to support the flexible operation of the ABS with reduced non-zero transmission power. The current format of the ABS pattern or CSI measurement reference resource subset bitmapping should be reused.
4. Conclusion
In this document, we firstly discuss the features of the reduced power ABS performance and then provide the detailed analysis on the potential specification impact on the control and data channel. Based on the observation of the evaluation results, the R-ABS shows attractive and robust performance which could be a positive feature of the further enhanced ICIC technology. Consequently, the highlighted conclusions would be summarized below:
Observation 1: With an ABS ratio fitting the deployment scenario, the R-ABS (Reduced power ABS) provides robust performance boosting on both cell average and cell edge throughput.

Proposal 1: New power level indication and corresponding timing information should be considered together to support the flexible operation of the ABS with reduced non-zero transmission power. The current format of the ABS pattern or CSI measurement reference resource subset bitmapping should be reused.
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6. Appendix
Table 1: Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	Inter-site distance
	500m

	Carrier Frequency
	2 GHz

	Cellular Layout
	7 cell-sites × 3 sectors per cell-site with wrap around.

	Channel model
	ITU channel model

Macro cell: UMa
Low power node cell: UMi

	Bandwidth
	10 MHz

	Antenna configuration
	Closely-spaced:   Tx ||   Rx || 

	Outdoor RRH depolyment
	4 RRHs per cell (sector) uniformly deployed

	UE dropping
	30 UEs dropped as Configuration 1&4b

	Scheduler
	Proportional Fair

	CQI feedback latency
	5 TTI

	Receiver
	MMSE

	Traffic Model
	Full buffer

	Macro eNodeB transmission power
	46dBm

	Macro eNodeB antenna gain
	17dBi

	RRH transmission power
	30dBm

	Low power RRH antenna gain
	5dBi

	Handover offset values
	{6,8,12,16}dB

	ABS pattern
	10101010 for 50% R-ABS and ABS
11101110 for 75% R-ABS and ABS
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                                                                    Figure1: Performance comparison of reduced power ABS (R-ABS) and ABS in configuration 1
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Figure2: Performance comparison of reduced power ABS (R-ABS) and ABS in configuration 4b                              
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