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1. Introduction 
In last RAN1#66bis meeting, it was agreed that further evaluations and design/solutions is to be carried out for ‘zero and reduced power ABS’ [1].
In this contribution, we evaluate the performance of macro cell downlink transmission power reduction in ABS subframes based on simulation assumptions agreed in [2]. The results show that improvements in both system throughput and cell edge user throughput can be achieved compared to the Release-10 eICIC ABS scheme. 

2. Macro cell transmission power adjustment
In this study, we apply reduced macro downlink transmission power in ABS subframes as shown in Figure 1 in order to reduce interference to cell edge pico UEs. 
The simulation results for reduced macro downlink transmission power are given in Table 1 and 2 for configuration 1 and ‘4b’ respectively.
When macro downlink transmission power control is applied in ABS subframe, the same transmission power is used for CRS in both normal and ABS subframe. However, for PDSCH transmissions on ABS subframes, an additional set of downlink transmission power is signaled to the UE by setting a ratio of PDSCH EPRE to CRS EPRE ([4]) equal to {1, 3/4, 1/2, 1/4} in addition to zero power on ABS subframes.  
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Figure 1. Illustration of reduced macro power transmission in ABS subframes
Table 1. Simulation Results for Configuration 1 
	RSRP cell selection bias (dB)
	Macro cell power ratio in ABS
	Macro cell area throughput (Mbps)
	95%-tile user throughput
(Mbps)
	50%-tile user throughput
(Mbps)
	5%-tile edge user throughput
(Mbps)

	0dB
	1.0
	51.9
	7.5
	0.64
	0.20

	
	0.75
	53.7
	7.9
	0.64
	0.20

	
	0.5
	55.7
	8.4
	0.62
	0.20

	
	0.25
	58.7
	9.5
	0.59
	0.19

	
	0.0
	53.9
	9.9
	0.32
	0.11

	6dB
	1.0
	48.0
	5.6
	0.86
	0.24

	
	0.75
	49.5
	5.8
	0.88
	0.26

	
	0.5
	51.5
	6.3
	0.88
	0.27

	
	0.25
	54.5
	7.0
	0.85
	0.27

	
	0.0
	50.8
	7.5
	0.52
	0.14

	12dB
	1.0
	43.0
	1.4
	0.97
	0.11

	
	0.75
	44.0
	1.5
	0.99
	0.13

	
	0.5
	45.5
	1.5
	0.99
	0.17

	
	0.25
	48.0
	1.6
	1.00
	0.26

	
	0.0
	43.4
	5.2
	0.70
	0.17

	18dB
	1.0
	39.5
	4.3
	0.74
	0.01

	
	0.75
	40.5
	4.4
	0.78
	0.01

	
	0.5
	41.5
	4.5
	0.81
	0.02

	
	0.25
	43.0
	4.5
	0.89
	0.05

	
	0.0
	36.9
	4.0
	0.73
	0.06


Table 2. Simulation Results for Configuration 4b 
	RSRP cell selection bias (dB)
	Macro cell power ratio in ABS
	Macro cell area throughput (Mbps)
	95%-tile user throughput
(Mbps)
	50%-tile user throughput
(Mbps)
	5%-tile edge user throughput
(Mbps)

	0dB
	1.0
	69.0
	8.3
	1.17
	0.29

	
	0.75
	71.5
	8.6
	1.17
	0.29

	
	0.5
	74.0
	9.0
	1.15
	0.28

	
	0.25
	78.0
	9.6
	1.11
	0.27

	
	0.0
	75.0
	10.1
	0.62
	0.15

	6dB
	1.0
	62.5
	6.2
	1.43
	0.37

	
	0.75
	65.0
	6.5
	1.46
	0.40

	
	0.5
	67.5
	6.8
	1.48
	0.43

	
	0.25
	71.5
	7.3
	1.53
	0.46

	
	0.0
	68.0
	7.5
	1.20
	0.25

	12dB
	1.0
	57.0
	5.2
	1.43
	0.14

	
	0.75
	59.0
	5.3
	1.47
	0.16

	
	0.5
	61.0
	5.7
	1.54
	0.21

	
	0.25
	65.0
	6.0
	1.61
	0.34

	
	0.0
	61.0
	6.2
	1.38
	0.33

	18dB
	1.0
	54.5
	6.5
	1.07
	0.02

	
	0.75
	56.0
	6.5
	1.13
	0.03

	
	0.5
	58.0
	6.4
	1.23
	0.04

	
	0.25
	61.0
	6.4
	1.35
	0.08

	
	0.0
	55.5
	5.5
	1.36
	0.10


Figure 2 and 3 plot the throughput performance for reduced macro downlink transmission power setting in ABS subframes with different values of RSRP cell selection bias offset (from 0dB to 18dB) for configuration 1 and ‘4b’ respectively. We can see that the macro cell area throughput increases as the macro cell transmission power decreases in ABS subframes with the highest point of throughput at ‘fraction of macro power in ABS’ = 0.25. Similarly, the best cell edge user throughput is at ‘fraction of macro power in ABS’ = 0.25 for cell selection bias offset of 6dB and 12dB.
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Figure 2. Cell edge user throughput and cell area system throughput (Configuration 1) 
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Figure 3. Cell edge user throughput and cell area system throughput (Configuration 4b) 
3. Conclusion 
In this contribution, we look at the performace of reduced macro cell transmission power in the ABS subframe in non-CA scenario. The simulation results show improved total macro cell area throughput, median cell user throughput and cell edge user throughput compared to zero power case (Release-10 eICIC TDM) and full power case (non-TDM), especially for cases of cell range extension. 
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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
	Modeled

	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)

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

	eICIC
	TDM with ABS ratio=0.5 
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