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1. Introduction
In RAN1#67 it was agreed that reduced non-zero transmit power on downlink (DL) unicast control and data transmissions in ABS is needed. The signaling required to support the non-zero transmit power was not defined. Signaling to support this feature includes means of informing the UE of the reduced power levels in an efficient manner. In addition, signaling enhancements to support feedback on the non-zero transmit power level should be considered.

In this contribution, we present a discussion on the signaling options to support efficient and reliable non-zero DL transmission in ABS.
2. Discussion
Several contributions have indicated the benefit in performance due to the use of reduced non-zero transmit power in ABS[1][2][3]. In the macro-pico scenario, reduced non-zero transmit power in ABS can be used to service cell-centre UEs in the macro cells without significant impact to the pico cell UEs. In order to support this functionality some signaling is required to inform of the UE of the transmit power levels, and potentially, some signaling is required between the macro and pico eNBs to regulate the reduced non-zero transmit power in ABS.

2.1. Reduced non-zero transmit power level

In the contributions quantifying [1][3] the performance of reduced non-zero transmit power in ABS, the overall performance of the configuration was dependent on the scenario, the CRE bias and/or the ABS low power transmit level. It is reasonable to consider that the physical deployment will significantly impact the effectiveness of the scheme, and impact the optimum low power level for the scenario. 
However, rapid (i.e. per subframe) change of the power level may create additional overhead in required signaling of PDSCH EPRE-to-CRS EPRE ratios for each instance. In additional, rapid change to the non-zero ABS power level may result in unreliable restricted subframe CSI feedback during ABS for pico UEs.
Changing the reduced power level semi-statically reduces the signaling overhead and minimizes short-term impact to the restricted CSI measurement of pico cell UEs.
Proposal 1. Semi-static level adjustment of the reduced non-zero transmit power should be considered.

2.2. Definitions PDSCH EPRE-to-CRS EPRE ratio in ABS

As suggested in the [4]-[6], the PDSCH EPRE-to-CRS EPRE  power (i.e. ρa and ρb  ) will be different in ABS with non-zero lower power transmissions and should be signaled to the macro cell UEs. However, the current definition of the power ratios are not sufficient to meet the range of the anticipated reduced non-zero transmit power levels. 

The definition of ρa, and ρb  are given in [7]

For a UE in transmission mode 8 or 9 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1 – 7, the UE may assume that for 16 QAM, 64 QAM, spatial multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission scheme,
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 is equal to [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Section 6.3.4.3 of [3];
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is 0 dB for all PDSCH transmission schemes except multi-user MIMO and where
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 is a UE specific parameter provided by higher layers.

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSs in the corresponding PRBs. In addition, the UE may assume that for 16QAM or 64QAM, this ratio is 0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs is 0 dB. 

For transmission mode 9, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 

In the above, the range of PA is given in [8] where PA={-6, 3} dB, which corresponds to a maximum reduction in transmit power of 6dB in non-multi-user MIMO cases with the current definitions. 
For comparison, the simulation results presented in RAN1#67 [1]-[3], the range of reduced non-zero power levels varied from 0 to 24 dB below the non-ABS transmit power and in [3] the result found that a 16 dB reduction provided gains in some of the configurations presented, and in [1], a 9dB reduction also showed a benefit in 9dB CRE bias /30 % ABS ratio configurations.  

The format of ABS-specific PDSCH EPRE-to-CRS EPRE power, ρa, ABS and ρb,ABS , to be signaled by higher layers should be examined, because the current range may not be sufficient (as suggested in [4]). As the range of  ρa, ABS and ρb,ABS  need only represent a reduction in power levels, the range can be defined as an extended or shifted version of the existing of  ρa and ρb  parameters. Alternatively, it may be simpler to define  ρa, ABS and ρb,ABS  separately to allow for a more extensive range of power levels.
Proposal 2. The use of new relative or absolute definitions of  ρa, ABS and ρb,ABS  should be discussed in signaling to UE via higher layers.

2.3. Signaling PDSCH EPRE-to-CRS EPRE ratio in ABS

The PDSCH EPRE-to-CRS EPRE ratio in ABS may be signaled to the UE via higher layer signaling to prevent additional overhead in the PDCCH. However, for each transmission the UE must be informed whether it should use ρa, and ρb, or the ρa, ABS and ρb,ABS parameters for demodulation.
An indicator may be added to a PDCCH downlink control information (DCI) which indicates to the macro UEs the appropriate PDSCH EPRE-to-CRS EPRE ratio to use for data demodulation. Alternatively, the appropriate PDSCH EPRE-to-CRS EPRE ratio to use for data demodulation may be indicated implicitly to the macro UEs by indicating the ABS subframes to the UE via RRC signaling.

Proposal 3. The explicit or implicit indication of the use of reduced non-zero transmits power for a given transmission to the UE should be discussed.
2.4. Reduced non-zero ABS power level management

In a macro-pico scenario, the macro cell may transmit using reduced non-zero transmit power in ABS. However, it is not clear that the macro cell can make a proper determination of the maximum transmit power level. The macro cell may potentially know the loading and cell range expansion bias of the pico cell, however factors in the interference conditions of the cells may not allow a determination of the appropriate reduced non-zero transmit power. Further, it may be necessary for the pico cell to indicate to the macro cell interference conditions measured during the ABS due to the reduced non-zero transmissions. Currently, indication of exceeding RNTP threshold can be transmitted from the pico cell to the macro cell, however this measurement is not restricted to ABS subframes and therefore would not be useful as feedback for this purpose. To this end, additional pico cell feedback to the macro cell via X2 may have to be investigated to allow ongoing power level management for reduced non-zero transmit power in ABS. If additional X2 signaling is recommended by RAN1 to support this feature, RAN3 should be informed. 
For example, pico-cell UEs can provide information on the received signal strength of macro cell reduced power level transmissions during ABS. This can be achieved through pico UE RSSI and RSRP measurements during ABS. These measurements can be gathered by the pico cell to determine the interference conditions measured in ABS.  These measurements can be sent to the macro cell via X2 backhaul link in order to manage the reduced non-zero transmit power during ABS.
Proposal 4. The requirement of providing relevant feedback from the pico cell to the macro cell for the purposes of managing low-power transmission in ABS should be discussed. If additional signaling is required, RAN3 should be informed.
3. Conclusion

In this contribution, we address the signaling enhancements needed to support reduced non-zero transmit power in ABS. Signaling is required to inform of the UE of the non-zero reduced transmit power level for which new PDSCH EPRE-to-CRS EPRE parameters may need to be defined.  In addition, some signaling may be required between the macro and pico eNBs to regulate the reduced non-zero transmit power in ABS.
Proposal 1. Semi-static level adjustment of the reduced non-zero transmit power should be considered.

Proposal 2. The use of new relative or absolute definitions of  ρa, ABS and ρb,ABS  should be discussed in signaling to UE via higher layers.
Proposal 3. The explicit or implicit indication of the use of reduced non-zero transmits power for a given transmission to the UE should be discussed.

Proposal 4. The requirement of providing relevant feedback from the pico cell to the macro cell for the purposes of managing low-power transmission in ABS should be discussed. If additional signaling is required, RAN3 should be informed.
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