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1 Introduction 

In RAN1 #67, reduced power ABS schemes were evaluated by some companies [1-4]. The results show that it can provide substantial system performance gains over zero data power ABS at least for cell edge Macro UEs. RAN1 concluded that support for reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed, and the detailed signalling would be discussed in this meeting [5]. 
In this contribution, we discuss the signalling support for non-zero power ABS. 
2 Discussion
In order to demodulate data transmissions based on higher order modulation schemes as well as deriving CSI feedback correctly, the transmit power differences between PDSCH and reference signals need to be known by the UE. A UE may assume that the downlink cell-specific RS (CRS) EPRE (Energy per Resource Element) is constant across the downlink system bandwidth and across all subframes until different cell-specific RS power information is received. The ratio of PDSCH EPRE to CRS EPRE among PDSCH REs on each OFDM symbol is denoted by either 
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, which are related to the parameter 
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 configured in high layer signaling referenceSignalPower. With these parameters, the UE can calculate the transmit power of the PDSCH when in CRS based demodulation transmission modes (TM1 to TM6).
For TM7 to TM9, currently the parameter 
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 is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when the UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size. Based on the ratio between PDSCH vs CSI-RS and PDSCH vs CRS, the UE can correctly derive the CSI feedback. 
In the current specifications, the range of the 
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 is from -6dB to 3dB, which is not sufficient to satisfy the power differences between PDSCH and CRS for the implementation of the non-zero power ABS. Besides, two types of the 
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 validated for both normal subframes and reduced power subframes should also be configured.
In the light of these considerations, we discuss below possible signaling designs to support reduced power ABS for TM1-6 and for TM7-9 separately. 
· TM1 to TM6 (CRS based modes)

· Dynamic power offset
If it were desired that the eNB could dynamically adjust the transmit power of the non-zero power ABS from subframe to subframe, it would be necessary to introduce new signalling in the DCI formats for TM1-6 to indicate the offset power of the PDSCH compared to CRS. The original parameter 
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 would then only be valid if no such new signalling were received in the DCI. Dynamic variation of the ABS power could enable more optimal scheduling in the ABS subframes, as illustrated in Figure 1. Here 
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 would be signalled in the DCI, while 
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 is the original signalling in RRC for normal subframe. 
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Figure 1 Example of Dynamic Configuration for Non-Zero Power ABS
However, the necessity and benefits of dynamically varying the ABS power are not obvious, and it would be desirable to avoid having to modify the DCI formats. 

· Semi-static ABS power
If the ABS power is signalled semi-statically, the parameter 
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 would be RRC-signalled for non-zero power ABS, in a similar way to the current parameter 
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 in referenceSignalPower. The range of 
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 should be wider than the range of 
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.  Given that RAN1 agreed in RAN1#67 that the work should be done to support cell range expansion biases of 9dB, the range of 
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 should extend to at least -9dB relative to the CRS power. (Some analysis of the performance of non-zero power ABS is provided in [6].)
A bitmap pattern should be designed to inform the UEs which subframes are normal subframes and which subframes are non-zero power ABS subframes. Figure 2 shows an example of semi-static ABS power setting, where
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 is the new RRC signalling for reduced power subframe, and 
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 is the original RRC-signalled parameter for normal subframes.
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Figure 2 Example of Semi-Static Configuration for Non-Zero Power ABS
· TM7 to TM9 (DM-RS based modes)

For TM7 to TM9, the parameter
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 is UE-specific RRC parameter to indicate the ratio of CSI-RS resource EPRE to PDSCH EPRE. When non-zero power ABS is deployed, a new RRC parameter 
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 should be provided to indicate the PDSCH EPRE to CSI-RS EPRE on non-zero power ABS. The original 
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 will be only valid for normal subframes. The same bitmap as for TM1-6 would indicate the pattern of non-zero power ABS. The range of 
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 should extend at least down to -9dB.
3 Conclusions
In this contribution, we have discussed potential signalling design to support non-zero power ABS. From the discussion above, we propose that 
· Power offset signalling associated with non-zero power ABS should be semi-static;
· The signallable ranges of PDSCH:CRS and PDSCH:CSI-RS EPRE ratios should extend at least down to -9dB;

· The extended-range power ratio parameters should be applicable in a subset of subframes. The subset pattern should be provided to the UE by means of a semi-static bit-map. 
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