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Discussion and decision 
1 Introduction 
In RAN1#68, the following possible working assumption was proposed but was not agreed [1]:
· Ratio of PDSCH EPRE to RS EPRE value for the reduced power ABS is configured with higher layer signaling at least for TM 1 to 6

· FFS: TM 7 to 9.
The benefits of signaling separate ratio of PDSCH EPRE to RS EPRE value for the reduced power ABS were extensively discussed in the last meeting and were also discussed in the details in our previous contribution [2]. Detailed signalling design for the ratio of PDSCH EPRE to RS EPRE for reduced power ABS was also presented in [2]. In this contribution, we follow up with further views on the detailed signalling support for non-zero transmit power ABS.
2 Signaling for demodulation in non-zero power ABS
2.1 PA for non zero Tx power ABS
For PDSCH transmission in normal subframes, the ratio of PDSCH EPRE to cell-specific RS EPRE in symbols without carrying CRS (PA) and ratio of PDSCH EPRE in symbols with carrying CRS to PDSCH EPRE in symbols without carrying CRS (PB) is defined for DL transmit power allocation. Together with considering the signaled EPRE of CRS, the UE can calculate the power level of unicast transmission for PDSCH decoding in each symbol. Tables 2-1.1 and 2-1.2 show the supported values for PA and PB. By setting ‘-6dB’ for PA and ‘1/2’ for PB with two or four antenna ports, the eNB can  transmit PDSCH EPRE with 25% of CRS ERPE in symbols without CRS and 12.5% of CRS in symbols with CRS which is the minimum unicast power level. 

Table 2.1-1: The UE-specific PA [1]
	
	Value 

	PA
	3dB, 2dB, 1dB, 0dB, -1.77dB, -3dB, -4.77dB, -6dB


Table 2.1-2: The cell-specific PB for 1, 2, or 4 cell specific antenna ports [2]
	PB
	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2


In heterogeneous network scenario, to maximize benefit of cell-range expansion with ABS, it is beneficial to schedule high geometry macro UEs in the macro cell center in the ABS with creating negligible interference to the UEs served by pico cells with cell range expansion. In the non-zero Tx power ABS, the macro eNB would manage to transmit DL unicast data for the macro UEs with much lower transmit power than in normal subframes, with possibly taking into account the location of pico cells and cell range expansion bias applied by the pico cells. 

Some pico cells can happen to be located in the center area of the macro cell and the UEs served by the pico cells are likely to experience very hostile interference from the DL transmission by the macro cells. Considering this, the macro cell should be able to transmit with substantially reduced transmit power in the ABS compared to the PDSCH EPRE applied in normal subframes. In order to support that, it is desirable to allow configuring another PA for ABS, say PA_ABS , that represents the PDSCH EPRE to CRS EPRE in symbols without carrying CRS applied in ABS. The lowest configurable value of PA_ABS needs to be extended to cover sufficiently low target power level in non-zero transmit power ABS and the actual value is FFS.
Finally, it is sufficient to have implicit linking of PA_ABS  with subframe sets, e.g. PA_ABS  is applied to subframes corresponding to CSI subframe sets 
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Proposals 1, 2, 3:
· Separate signaling of the parameter PA_ABS  for the use in non-zero power ABS should be supported 

· The lowest value configurable for PA_ABS should be much lower than that for PA in order to support unicast data transmission by the macro cell in ABS with negligible interference to pico UEs
· PA_ABS  is applied to subframes corresponding to CSI subframe sets 
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2.2 PB for non zero Tx power ABS

The cell specific parameter PB is relative to power ratio between EPRE between symbols without carrying CRS and with carrying CRS in a PRB. The UE can calculate actual PDSCH transmission power level in the symbols with CRS from PB, based on the power difference due to CRS. Regardless of different unicast power allocation for each UE, the CRS EPRE would be the same across the whole downlink bandwidth. In case CRS EPRE is higher than PDSCH EPRE, the symbols without CRS can utilize the remaining power not used by the CRS for PDSCH REs. On the other hand, in the symbols carrying CRS, the power remaining after allocating to CRS REs can be used for PDSCH REs. This can lead to power limitation to PDSCH EPRE in symbols carrying CRS, and the eNB have to signal the difference in PDSCH EPRE between the symbols with and without CRS via PB to enable the UEs to reliably detect PDSCH with high order modulation. 

In non-zero transmit power ABS, the eNB may use very low power for PDSCH than CRS EPRE to create negligible interference to pico UEs regardless of the symbols with and without CRS. Then, the eNB is likely to have remaining power even in the symbols carrying CRS in ABS, without suffering from power limitation due to CRS EPRE, and can allocate an equal power to PDSCH RE in both of the symbols with and without CRS. Then, it seems that cell-specific parameter PB to indicate the PDSCH EPRE difference between the symbols is not so necessary in non-zero power Tx ABS. In order to minimize sacrificing the PDSCH transmission power in non-zero transmit power ABS with taking into account the transmit power restriction for interference control, it seems beneficial to apply the same PDSCH EPRE in ABS, regardless of PB applied in normal subframes. 

Figure 2-2.1 shows conceptual illustrations of power allocation in normal subframes and ABS, respectively. As discussed earlier, additional PA_ABS will indicate substantially reduced power allocation in ABS, compared to normal subframes and PB is applied only in normal subframes. The UE can assume constant PDSCH EPRE between the symbols with and without CRS in non-zero transmit power ABS. In addition, it may be beneficial for the pico UEs to experience same amount of interference in all PDSCH symbols, in cases that the interference is not completely negligible. It seems that without signaling a separate value for PB in ABS, constant PDSCH EPRE between the symbols with and without CRS, that is PB=1, can be assumed in ABS.
Similar as PA_ABS,  it is sufficient to have implicit linking of PB=1 with subframe sets, e.g. PB=1 is applied to subframes corresponding to CSI subframe sets 
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Proposals 4, 5:

· Without signaling a separate value for PB in ABS, equal PDSCH EPRE between the symbols with and without CRS, that is PB=1, can be assumed in ABS.
· PB=1 is applied to subframes corresponding to CSI subframe sets 
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Figure 2.2-1. Power allocation for normal subframe and ABS
3 Assumptions for CQI derivation for non-zero power ABS
3.1 PA for non zero Tx power ABS
Apart from PDSCH demodulation, the UE also uses the knowledge of PA when deriving the CQI measured from CRS.  In Rel-8/9/10, the UE assume 
[image: image6.wmf]A

r

 to be [4]:
· 
[image: image7.wmf])

2

(

log

10

10

+

D

+

=

offset

A

A

P

r

[dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 
· 
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To enable more accurate CQI derivation for the non zero power ABS by the UE, if PA_ABS is configured and if CRS is used for channel measurements, the UE may assume
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 when deriving the CQI e.g. for subframes corresponding to CSI subframe sets 
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[dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 
· 
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Proposal 6:

· If CRS is used for channel measurements, PA_ABS  is assumed instead of PA when deriving the CQI for non zero power ABS (e.g. subframes corresponding to CSI subframe sets 
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3.2 PB for non zero Tx power ABS
Similar as PA, the UE also uses the knowledge of PB when deriving the CQI. However, one difference here is that PB is used for CQI measured from CSI-RS. In order to support more accurate CQI derivation by the UE, we propose that PB=1 is assumed when deriving the CQI for non zero power ABS.
Proposal 7:

· PB=1 is assumed when deriving the CQI for non zero power ABS (e.g. subframes corresponding to CSI subframe sets 
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3.3 PC for non zero Tx power ABS

If CSI-RS is used for channel measurements, the UE assumes PC is the ratio of PDSCH EPRE to CSI-RS EPRE. For non zero power ABS, a separate PC can be provided by higher layer signalling to enable more accurate CQI derivation for the non zero power ABS. Therefore, our proposal is as follows: 
Proposal 8:
· If CSI-RS is used for channel measurements, PC ABS is assumed instead of PC when deriving the CQI for non zero power ABS (e.g. subframes corresponding to CSI subframe sets 
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4 Conclusions
In this contribution, we discussed EPRE and signaling support for unicast data transmission in non-zero transmit power ABS.  With considering low transmission power for high geometry macro UEs and cell range expansion in macro cell area, configuring different values for PA, PB and PC in ABS from those applied in normal subframes for PDSCH demodulation and CQI derivation seems beneficial to create negligible interference to pico UEs with efficiently utilizing the macro eNB DL transmit power for the macro UEs at the same time.
In summary, the followings are proposed:
Proposals 1, 2, 3:
· Separate signaling of the parameter PA_ABS  for the use in non-zero power ABS should be supported 

· The lowest value configurable for PA_ABS should be much lower than that for PA in order to support unicast data transmission by the macro cell in ABS with negligible interference to pico UEs
· PA_ABS  is applied to subframes corresponding to CSI subframe sets 
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Proposals 4, 5:

· Without signaling a separate value for PB in ABS, equal PDSCH EPRE between the symbols with and without CRS, that is PB=1, can be assumed in ABS.
· PB=1 is applied to subframes corresponding to CSI subframe sets 
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Proposal 6:

· If CRS is used for channel measurements, PA_ABS  is assumed instead of PA when deriving the CQI for non zero power ABS (e.g. subframes corresponding to CSI subframe sets 
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Proposal 7:

· PB=1 is assumed when deriving the CQI for non zero power ABS (e.g. subframes corresponding to CSI subframe sets 
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Proposal 8:
· If CSI-RS is used for channel measurements, PC ABS is assumed instead of PC when deriving the CQI for non zero power ABS (e.g. subframes corresponding to CSI subframe sets 
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