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1 Introduction

During RAN1 #67 meeting, one consensus for reduced power ABS [1] was that 
· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

In this contribution, the feasibility and the possible standard impact of reduced power ABS was analyzed in detail.
2 Discussion
2.1 Feasibility of reduced power ABS
In #67 meeting, the system performance with reduced power ABS was evaluated in some contributions [2]-[5]. From those results, it was observed that significant performance improvement could be obtained with the proper combination of ABS power level, ABS ratio and CRE bias. Further in order to achieve this system performance gain, the transmit power of reduced power ABS should be decreased (at least) as much as the CRE bias compared to the one of normal subframes or even adopt much lower power, such as 30 dBm as mentioned in [3]. Therefore, a wide range of PDSCH transmission power (with respect to CRS) might occur in reduced power ABS. 
Considering the earlier discussions on the BS TX dynamic range during RAN4 #46 meeting, it was noted that the dynamic range of transmit power is mainly determined by the error vector magnitude (EVM) requirements. Further in [6], it was specified that the EVM of each E-UTRA carrier for different modulation schemes on PDSCH shall be better than the limits in Table 1. Under this criterion, the supported maximum resource element power down is defined in as Table 2 [6], which primarily decides the  lower and upper bound of the ratio of power of an PDSCH/PDCCH RE to the average RE power for a BS at maximum output power (equal to CRS EPRE without power boosting).  By this table, we can see that even with most relaxed EVM requirement (for QPSK), 6dB power down is the lower bound of PDSCH power reduction. If we assume a higher MCS is applied, the range of power reduction is further limited (to 3dB or even 0dB). 

Table 1. EVM requirements
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%


Table 2. E-UTRA BS RE power control dynamic range
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


Therefore in order to achieve the benefit of reduced power ABS, it might be necessary to further investigate the applicability of the definition of RE power dynamic range for reduced power ABS which may lead to the extension of the BS TX dynamic range, especially the maximum resource element power down. However such extension obviously will have much impact on the RF requirement in RAN4.

Observation 1: In order to achieve full benefit of reduced power ABS, some further investigation might be needed for RAN4 to see the applicability of current definition of RE power dynamic range and the feasibility of extending the BS TX dynamic range, especially the maximum resource element power down.
2.2 Standards impact of reduced power ABS
In this section, the possible standards impact of reduced power ABS on the Uu interface and X2 interface is discussed.
· Standards impact on Uu interface
If one UE is scheduled to receive data in both the normal subframe and reduced power ABS with different transmit power, it may have some difficulty in correctly demodulating the data transmission (especially for higher order modulation schemes) in both types of subframes with the current signaling. 

One possible solution is to introduce additional signaling to inform the UE of the power allocation in the reduced power ABS. Thus this UE could determine the different power levels in different type of subframes. The benefit of this method is the potential full use of data resources and maximum scheduling flexibility. However, the introduced signaling overhead cannot be ignored.
On the other side, from the view of implementation, some possible solutions include: configuring the UE with QPSK modulation in reduced power ABS for PDSCH transmission, configuring the UE with the proper PDSCH transmission mode with DMRS demodulation, or scheduling the cell edge UEs potentially with high transmit power only in the normal subframe. By these ways there is no need to introduce extra signaling with the cost of the scheduling constraint.

· Standards impact on X2 interface
As discussed in [7], in order to enhance the radio resource usage on reduced power ABS, it is beneficial to provide the aggressor cell (for example, Macro) with the flexibility of adapting its ABS power to the CRE bias value  rather than to make Macro set the same low power or zero power on configured ABSs. One example is shown in Fig.1. Here when multiple victim cells, e.g. Picos, are deployed under the same Macro coverage, Macro can set various transmit power levels on different ABSs based on some relevant information of each Pico, making a reasonable tradeoff between the protection for each Pico and the resource efficiency of Macro. Thus, Macro should acquire this relevant information, possibly including the interference conditions of different Picos.
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Figure 1. Different transmit power level on different ABSs for protecting different Picos
Furthermore, since both the traffic, interference scenario and CRE bias are time-varying, it is preferable to utilize X2 information exchanged between Pico and Macro rather than to use OAM settings. Hence, X2 signalling enhancement  is needed to fully utilize the reduced power ABS.

According to all above analysis from the Uu and X2 interface, another proposal is:
Observation 2: For signalling enhancement to support reduced power ABS:
· For the Uu signaling enhancement, the corresponding signaling overhead as well as the scheduling flexibility should be considered.
· The X2 signaling between Macro and Pico is needed in order to provide full flexibility of tuning and indicating the power level of ABS subframe.

3 Conclusion
In this contribution, the feasibility as well as the possible standard impact of reduced power ABS is analyzed.  According to the analysis, two proposals are presented, that is:
Observation 1: In order to achieve full benefit of reduced power ABS, some further investigation might be needed for RAN4 to see the applicability of current definition of RE power dynamic range and the feasibility of extending the BS TX dynamic range, especially the maximum resource element power down.
Observation 2: For signalling enhancement to support reduced power ABS:
· For the Uu signaling enhancement, the corresponding signaling overhead as well as the scheduling flexibility should be considered.

· The X2 signaling between Macro and Pico is needed in order to provide full flexibility of tuning and indicating the power level of ABS subframe.
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