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Introduction
Reduced power ABS shows performance gain over zero-power ABS especially for those UEs on the cell edge. In RAN1 69#, the following working assumption was proposed but 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”
In this contribution, we are trying to answer the question whether it is necessary to introduce new higher layer signaling for reduced power ABS or not. We first briefly review the discussion on the signaling support for reduced power ABS in previous RAN1 meetings. We then compare the throughput performance between the reduced power ABS with and without new signaling by taking the transmitter EVM into account. The conclusion is finally drawn based on our evaluation results. 
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Signalling support for reduced power ABS
In this section, we discuss the signaling support of the reduced power ABS for TM 1 to 6. Regarding TM 7 to 9, we leave it for further study as suggested by the above working assumption. In TM 1 to 6, the CRS EPRE is assumed to be constant but the PDSCH EPRE may vary over subframes depending on whether it is ABS subframe or not. Given the fact that the ratio of PDSCH EPRE to CRS EPRE for the normal subframes is signaled to the UEs via higher layer signaling such that they can correctly calculate the CSI (i.e., RI/PMI/CQI) feedback and demodulate the received signal, a natural question rises whether the ratio of PDSCH EPRE to CRS PRE for the ABS subframes should be signaled to the UEs in a similar way. There were two different answers to this question in previous meetings, which are summarized as follows. 

Alternative 1: Use Rel-10 signaling for reduced power ABS without introducing new signaling. In this case, a macro UE receives the ratio of PDSCH EPRE to CRS EPRE for the normal subframes and applies this ratio to all subframes for CSI feedback and demodulation.  This solution does not require new signaling but may cause CSI feedback inaccuracy and demodulation failure in the ABS subframes. To deal with CSI feedback inaccuracy, the macro eNB needs to adjust the received CSI based on the PDSCH EPRE in the ABS subframes. To avoid demodulation failure, the macro eNB needs to use QPSK only for modulation in ABS subframes even if the received CSI feedback suggests 16QAM/64QAM transmission. Obviously, such CSI feedback inaccuracy and modulation restriction will reduce the performance of reduced power ABS. 
Alternative 2: Introduce new higher layer signaling for reduced power ABS. Specifically, the ratio of PDSCH EPRE to CRS EPRE in ABS subframes should be configured [2]. Furthermore, the ABS pattern needs to be signaled to the macro UEs such that they can determine the value of the PDSCH EPRE for each subframe appropriately. With this new signaling, UE can feedback accurate CSI and demodulate the received 16QAM/64QAM symbols in ABS subframes. Note that the SINR experienced by the macro UEs can fluctuate dramatically from subframe to subframe due to the different transmit powers in normal and ABS subframes. As such, reporting the CSI measurements for different set of subframes separately is needed in order to exploit the potential flexibility of scheduling and link adaptation. This solution can maximize the throughput performance of reduced power ABS but will increase the signaling overhead. This idea was proposed as working assumption in RAN1 69# but the working assumption was not accepted. 
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Performance evaluation
Consider the macro-pico heterogeneous deployment scenario. In this section, we evaluate the performance of the reduced power ABS with and without new signaling as discussed in Section 2. 
3.1
Simulation methodology and assumptions 

In the simulation, we evaluate the system performance of the following two reduced power ABS schemes: 

Scheme 1: Reduced power ABS without new signaling 

In this scheme, only the ratio of PDSCH EPRE and CRS EPRE for the normal subframes is signaled to macro UEs. As such, a macro UE sends the CSI feedback to its associated eNB by assuming all subframes are normal subframes. The eNB will adjust the values of the received CQIs for the ABS subframes based on the power reduction level. Note that there will be no adjustment to the received RIs and PMIs at the macro eNB. Furthermore, only QPSK modulation is used in the ABS subframes. The power reduction level in the ABS subframes is set to be the same as CRE bias. The maximum allowable power reduction level is assumed to be 9dB [3]. 

Scheme 2: Reduced power ABS with new signaling 
In this scheme, the ratios of PDSCH EPRE and CRS EPRE for the normal and ABS subframes are signaled to macro UEs respectively. Furthermore, macro UEs send separate CSIs for the normal and ABS subframes to their associated eNBs. Either QPSK or 16QAM modulation is used at macro eNB in the ABS subframes depending on the received CSI feedback. Note that 64QAM is not adopted in ABS subframes such that the macro eNB can transmit reduced power without violating the EVM requirement. The power reduction level in the ABS subframes is set to be the same as CRE bias. The maximum allowable power reduction level is assumed to be 9dB with the restricted QPSK/16QAM modulation [3]. 
Some common assumptions for all three schemes are as follows. TM 4 with rank 1 transmission is evaluated. The transmitter EVM is assumed to be 8%. The detailed EVM modeling is given in [3]. The ABS configuration is static and the same for all macro eNBs. The ABS ratio is optimized in each scheme in order to maximize the cell edge throughput. Other simulation assumptions are listed in the Appendix. 
3.2
Simulation results
In Table I, we show the cell edge throughputs of the two reduced power ABS schemes for different CRE bias values with configuration 1. The percentage in the bracket is the performance gain of Scheme 2 over Scheme 1. We see that Scheme 2 has better performance than Scheme 1 at all CRE bias values and the maximum gain of 14.55% is achieved at 9dB CRE bias. Note that the optimal ABS ratios for Scheme 1 and Scheme 2 may be different in order to maximize the cell edge throughput. 

In Table II, we show the cell average throughputs of the two reduced power ABS schemes for different CRE bias values with configuration 1. We see that Scheme 2 has around 5% performance gain over Scheme 1. Based on the simulation results in Tables I and II, we have the following observation: 

Observation 1: The reduced power ABS with new signaling provides up to 14.55% and around 5% throughput gains for cell edge and cell average, respectively, for configuration 1.   

In Table III and Table IV, we show the cell edge and cell average throughputs of the two schemes for configuration 4b, respectively. Based on the simulation results, we have the following observation: 
Observation 2: The reduced power ABS with new signaling provides up to 16.67% and around 10% throughput gains for cell edge and cell average, respectively, for configuration 4b.   

Based on the above two observations, we have the following proposal.
Proposal:  The ratio of PDSCH EPRE to CRS EPRE should be configured with higher layer signaling at least for TM 1 to 6 in order to maximize the performance gain of reduced power ABS. 
Table I. Cell edge throughput for configuration 1

	CRE Bias
	Scheme 1 (Mbps/UE)
	Scheme 2 (Mbps/UE)

	3dB
	0.49
	0.54 (+10.20%)

	6dB
	0.54 
	0.57 (+5.56%)

	9dB
	0.55
	0.63 (14.55%)


Table II. Cell average throughput for configuration 1
	CRE Bias
	Scheme 1 (Mbps/Cell)
	Scheme 2 (Mbps/Cell)

	3dB
	42.94
	45.08 (+4.98%)

	6dB
	42.96
	44.93 (+4.59%)

	9dB
	39.86
	42.31 (+6.15%)


Table III. Cell edge throughput for configuration 4b

	CRE Bias
	Scheme 1 (Mbps/UE)
	Scheme 2 (Mbps/UE)

	3dB
	0.65
	0.69 (+6.15%)

	6dB
	0.60
	0.70 (+16.67%)

	9dB
	0.62
	0.71 (+14.52%)


Table IV. Cell average throughput for configuration 4b

	CRE Bias
	Scheme 1 (Mbps/Cell)
	Scheme 2 (Mbps/Cell)

	3dB
	48.10
	53.83 (+11.91%)

	6dB
	47.22
	52.93 (+12.09%)

	9dB
	46.61
	51.65 (+10.81%)
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Conclusion

In this contribution, we evaluated the system performance of reduced power ABS with and without new signaling considering transmitter EVM. Based on the simulation results, we have the following two observations:
Observation 1: The reduced power ABS with new signaling provides up to 14.55% and around 5% throughput gains for cell edge and cell average, respectively, for configuration 1.   

Observation 2: The reduced power ABS with new signaling provides up to 16.67% and around 10% throughput gains for cell edge and cell average, respectively, for configuration 4b.   

Thus, we propose the following 
Proposal:  The ratio of PDSCH EPRE to CRS EPRE should be configured with higher layer signaling at least for TM 1 to 6 in order to maximize the performance gain of reduced power ABS.   
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Appendix 
	Parameter 
	Values used for evaluation 

	Deployment scenario
	Macro-pico configuration 1 and 4b

	Inter-site Distance for macros
	500 m

	Number of picos per macro cell
	4

	Number of UEs per macro cell 
	25 for configuration 1 and 30 for configuration 4b

	System bandwidth 
	10 MHz 

	Tx power setting
	46 dBm for macro

30 dBm for pico

	Channel model
	ITU UMa for Macro and ITU UMi for Pico

	Number of antennas at transmission point (i.e., macro and pico)
	2

	Number of antennas at UE
	2 

	Antenna tilting model
	12 degree for macro 

0 degree for pico

	MIMO transmission scheme 
	SU-MIMO, rank1 transmission

	Traffic model 

	Full buffer

	UE  receiver
	MMSE option 1

	Scheduler 
	Proportional fair 

	HARQ 
	Chase combining, Maximum 3 retransmission 

	Overhead
	L=3, 2 CRS ports
	

	Channel Estimation 
	Ideal
	


