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1. Introduction 
In RAN1#67 meeting, it has been agreed that reduced non-zero transmit power on downlink unicast control and data transmissions in ABS is needed, but, details of the signaling are for further study (FFS). In RAN1#68bis, a feedback LS was received from RAN4 [1] about the BS implications in reduced power ABS for FeICIC. In RAN1#69, it was further discussed and evaluated the performance of non-zero transmit power ABS with RAN4 feedback. However, no agreements could be reached where some proponents argued that there is a very limited gain for introducing a new signaling for the non-zero power (NZP) ABS subframes.  
In this contribution, from our side, we evaluated the performance of non-zero transmit power ABS with RAN4 feedback (i.e. MCS restrictions). Our results showed that there is significant performance improvement in cell edge user throughput (5th percentile), macro cell area total throughput and mean user throughput for 3dB power reduction case where both QPSK and 16QAM schemes are applicable when power ratio is signaled to the UE over when power ratio is not signaled to the UE in NZP ABS subframes.
2. Performance of NZP ABS subframes with MCS restrictions

In Rel-10, it has been specified two different subframes of non-ABS and ABS subframes in which no data transmission is assumed for ABS subframes for ICIC application in HetNet scenarios. In non-ABS subframes, the downlink transmission power ratio of PDSCH EPRE to cell-specific RS EPRE (not applicable to PDSCH REs with zero EPRE) is signaled from higher-layers to the UE for the purpose of PDSCH demodulation as well as CSI measurement and feedback. For the ABS subframes in Release 10, no downlink transmission power ratio was needed as there is no data transmission in principle.

In Release 11, at RAN1#67, several contributions [2-6] provided performance evaluations that showed some significant performance gains for the application of reduced non-zero transmit power ABS subframes in HetNet scenarios. Therefore, it is agreed that reduced non-zero transmit power on downlink unicast control and data transmissions in ABS is needed. However, those performance evaluations did not take into account EVM and resource element (RE) power control dynamic range requirements. In RAN1#68bis, a feedback LS was received from RAN4 [1] about the BS implications in reduced power ABS for FeICIC which concludes as follows: 

· The feasible power reduction in LP-ABS that RAN4 can guarantee is following the current RE power control dynamic range requirements with the MCS restriction (i.e. the maximum power reduction for LP-ABS support is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH). 

· Further power reduction can be considered on particular situation for vendor implementation.

So, we studied further the performance of non-zero transmit power ABS with RAN4 MCS restrictions. We compare the following schemes with the simulation assumptions in Appendix A:

· When Power ratio is signaled to the UE in Non-Zero power (NZP) ABS subframes. Power reduction on NZP-ABS subframes is same as CRE bias values 3dB or 6dB. For 3dB power reductions, MCS is restricted to 16QAM and QPSK modulations.  And for 6dB power reduction, MCS is restricted to QPSK modulation only. UEs are scheduled in both non-ABS and ABS subframes.
· When Power ratio is not signaled to the UE in Non-Zero power (NZP) ABS subframes. In this scheme, we applied independent OLLA to decide the QPSK MCS level in NZP ABS subframes only.
The simulation results are shown on Figures 1 and 2 for configuration 1, and Figures 3 and 4 for configuration 4b, with different CRE bias values of 3 and 6dB. The results show that there is some performance improvement in cell edge user throughput (5th percentile) when power ratio is signaled to the UE over when power ratio is not signaled to the UE in NZP ABS subframes for both configurations 1 and 4b. The main reason of the performance difference is the application of 16QAM in 3dB case when power ratio is signaled to the UE. In addition when power ratio is not signaled to the UE, OLLA takes care to adjust the MCS level at the eNB and it takes time to converge to the accurate MCS level when channel condition and or interference level become significantly worse or better for the cell edge UEs.
Moreover, there is significant performance improvement in terms of total throughput in the macro cell area and mean user throughput for 3dB power reduction case where 16QAM is applicable in which power ratio is signaled to the UE for both configurations 1 and 4b.  However, as expected for 6dB power reduction case, the results show that there is no performance difference in terms of total throughput in the macro cell area and mean user throughput with and without power ration signaling in both configurations 1 and 4b.  
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Figure 1. Cell edge user throughput (on the left All UEs and on the right Macro UEs) for Configuration 1
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Figure 2. Total throughput in macrocell area (Left) and mean user throughput (Right) for Configuration 1
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Figure 3. Cell edge user throughput (on the left All UEs and on the right Macro UEs) for Configuration 4b
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Figure 4. Total throughput in macrocell area (Left) and mean user throughput (Right) for Configuration 4b
3. Conclusion 

In this contribution, we have studied the performance of Non-Zero power (NZP) ABS with RAN4 MCS restrictions with and without signaling of the power ratio (i.e. 3dB and 6dB power reduction values) to the UE in NZP-ABS subframes. We made the following observations:
· For 3dB power reduction case where both QPSK and 16QAM schemes are applicable, there is significant performance improvement in cell edge user throughput (5th percentile), macro cell area total throughput and mean user throughput when power ratio is signaled to the UE in NZP ABS subframes.
· For 6dB power reduction case where only QPSK scheme is applicable, the performance with and without signaling of the power ratio is almost the same for NZP ABS subframes. 
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Appendix A: Simulation Assumptions
	Parameter
	Value

	Deployment Scenario
	19 x3 macro cells wrap-around with 4 pico-nodes randomly placed per macro eNB area 

	Bandwidth and Carrier Frequency
	10MHz and 2GHz 

	Pathloss Model 
	3GPP model 1, see 3GPP 36.814 table A.2.1.1.2-3 

	Penetration loss
	20 dB

	Fading channel
	Typical Urban

	Number of pico cells per macro cell
	4

	CRS Interference
	Ideal Interference Cancellation (i.e. without CRS interference modeling)

	Macro Cell ISD
	500m

	Macro Cell Tx Power
	46dBm

	Pico eNB Tx Power
	30dBm

	Macro eNB antenna pattern
	3GPP standard 3D with down-tilting 15 degree 

	Macro eNB antenna gain
	14dBi

	Pico eNB antenna pattern
	2D Omni-directional

	Pico eNB antenna gain
	5dBi

	Antenna Configuration
	DL: 2Rx 2Tx

	Min distance between pico and macro
	75m

	Min distance between picos
	40m

	Min distance between macro and UE
	35m

	Min distance between pico and UE
	10m

	Placement of UEs
	Config1: Uniform
Config4b: 2/3 clusters

	DL MIMO Mode
	Closed Loop Spatial Multiplexing (Transmission mode 4)

	Traffic Model
	Full buffer (30 UEs per macro cell area)

	Scheduler 
	Proportional Fair

	CQI reporting
	All UEs report two CSI subsets in each CQI report, one for non-ABS subframes and one for ABS subframes

	eICIC
	Macro’s ABS rate = 0.2, 0.4, 0.6, 0.8
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