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Introduction
System performance evaluation of FeICIC with reduced but non-zero power ABS shows considerable performance gain over zero power ABS in macro-pico deployment [1]. The performance gain is achieved by scheduling macro UEs with good channels (normally the cell-center UEs) in non-zero power ABSs. In this contribution, we consider the potential specification impact of non-zero power ABS in Rel-11. 
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Power Control in Non-Zero Power ABS 
In Rel-10 eICIC, the PDSCH EPRE is zero in ABS subframes and a macro UE needs to know the PDSCH EPRE in non-ABS subframes in order to demodulate PDSCH and derive the correct CQI index. Instead of the absolute value of PDSCH EPRE, the ratio of PDSCH EPRE to CRS EPRE (or CSI-RS EPRE if configured) is informed to the UE via higher-layer signalling, where CRS/CSI-RS EPRE is assumed to be constant across the system bandwidth and across all subframes. Specifically, the ratio of PDSCH EPRE to CRS EPRE for each OFDM symbol is denoted by either 
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 according to whether the OFDM symbol has CRS or not [2]. Note that in current specification, these parameters are assumed to be valid for the non-zero power PDSCH REs in all subframes. However, if the ABS subframe is allowed to transmit with reduced power, the PDSCH EPRE in ABS subframe is not zero anymore and is different from PDSCH EPRE in non-ABS subframes, which is also needed by the macro UE for the correct demodulation and CQI calculation. Thus, in order to support non-zero power ABS, the information of PDSCH EPRE in ABS subframes needs to be signalled to the macro UE. One straightforward way is to inform the macro UE about the ratio of PDSCH EPRE to CRS/CSI-RS in ABS and non-ABS subframes separately via higher layer signalling.  
Proposal 1: In order to support non-zero power ABS, a macro eNB should inform its associated UEs about the ratio of PDSCH EPRE to CRS/CSI-RS EPRE in ABS and non-ABS subframes separately. 
The typical value of the transmit power reduction in non-zero power ABS subframes is set to be the same as the CRE bias [1], which could be in the range of 6dB to 12dB [3]. This value may not be optimal and a higher value will benefit the pico UE. Even if the power reduction value is chosen to be equal to the CRE bias, the current specification may not support it if the CRE bias is high. For example, if the CSI-RS is configured, the ratio of PDSCH EPRE to CSI-RS EPRE for each OFDM symbol takes values in the rage of [-8, 15] dB with 1dB  step size[2], which could only support up to 8dB transmit power reduction. Thus, it is necessary to further study the range of the transmit power reduction for high CRE bias (larger than 8 dB) in non-zero power ABS.  

Proposal 2: It is necessary to further study the transmit power reduction for high CRE bias (larger than 8 dB) in non-zero power ABS subframes. 
In Rel-10 eICIC, although PDSCH (expect for the CRS REs) is transmitted with zero power by the macro in ABS subframes, the physical channels carrying system information, e.g., PDCCH and PCFICH, are always transmitted with normal power no matter whether the transmission occurs in a ABS subframes or not. In Rel-11 FeICIC, PDSCH (except for the CRS REs) is transmitted with reduced but non-zero power by the macro in the non-zero power ABS subframes. However, it is not clear whether control channels should use normal power or reduced power in these subframes. In principle, any physical channels carrying system information should use normal power to ensure the cell coverage, while any physical channels carrying unicast information could be transmitted with normal or reduced power. For example, a UE-specific enhanced physical downlink control channel (e-PDCCH) was introduced in RAN1 #66bis [4], which is located in the PDSCH region. If the e-PDCCH only carries the control information for some cell-center UEs in a particular ABS subframe, reducing its power in a similar way as the PDSCH may not hurt the e-PDCCH reception but could further reduce inter-cell interference. Thus, it is necessary to further study the feasibility of the power reduction for the physical channels carrying control information in non-zero power ABS. 
Proposal 3: It is necessary to further study the feasibility of the power reduction for the physical channels carrying control information in non-zero power ABS. 
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CSI Measurement Report in Non-Zero Power ABS
When zero-power ABSs are configured in a macro cell in Rel-10, the restricted CSI measurements are used for the UEs in a victim pico cell to deal with the situation where the SINRs experienced by these pico UEs fluctuate dramatically from subframe to subframe. For the macro UEs, they may not need to report the CSI measurements for different set of subframes separately if their neighbouring picos are dominating interferers or their neighbouring macros use the same ABS patterns as their serving cells. However, when non-zero power ABSs are configured in a macro cell, the SINR experienced by the macro UEs associated to the macro can fluctuate dramatically from subframe to subframe due to the different transmit powers in ABS subframes and non-ABS subframes. In this case, reporting the CSI measurements for different set of subframes separately is needed by these macro UEs in order to exploit the potential flexibility of scheduling and link adaptation. For example, a macro UE could be configured to report the CSI measurements for non-zero power ABS and non-ABS subframes separately via higher layer signalling. 
Proposal 4: In order to support non-zero power ABS, a macro UE should report the CSI measurements for non-zero power ABS and non-ABS subframes separately. 

Note that for Rel-8/9 UEs, they cannot report the CSI measurements for non-zero power ABS and non-ABS subframes separately, if the non-zero power ABSs are configured in a macro cell. In this case, the macro BS has to to perform some CQI adjustment on the received CSI reports based on the ABS pattern and the transmit power reduction in the ABS subframes. 
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Conclusion

In this contribution, we discussed the specification impact of non-zero power ABS in several perspectives. We summarize our proposals as follows. 
Proposal 1: In order to support non-zero power ABS, a macro eNB should inform its associated UEs about the ratio of PDSCH EPRE to CRS/CSI-RS EPRE in ABS and non-ABS subframes separately. 

Proposal 2: It is necessary to further study the transmit power reduction for high CRE bias (larger than 8 dB) in non-zero power ABS subframes. 
Proposal 3: It is necessary to further study the feasibility of the power reduction for the physical channels carrying control information in non-zero power ABS. 
Proposal 4: In order to support non-zero power ABS, a macro UE should report the CSI measurements for non-zero power ABS and non-ABS subframes separately. 
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