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1 Introduction
In the RAN1#66-bis meeting, the following is agreed for further RAN1 work:

· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS
· Receiver-based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.
· Impact on overhead should be studied.
This contribution focuses on the performance evaluations of reduced power ABS.
2 Performances comparison of zero power and reduced power ABS
The simulation assumptions and details of scheduler policy are summarized in R1-114163. In this section, it is assumed that reduced power ABS in macro cells has almost the same equivalent isotropically radiated power (EIRP) as that in pico cells.

In TR36.819, the antenna gains of macro cells are assumed to be 14 dB and 17dB for 3GPP and ITU channel models, respectively, whereas the antenna gains of pico cells are assumed to be 5 dB for both 3GPP and ITU channel models. In order to achieve almost the same EIRP as that in pico cells, the transmit power of macro cells’ almost blank subframe (ABS) is assumed to be 20 dBm when the transmit power of pico cells is 30dBm. Moreover, in reduced power ABS, macro cells assign radio resources only to those UEs that have a better CQI feedback than a predefined threshold (MCS Index=10).
The numerical results of reduced power ABS are obtained based on the following steps for simplicity but without loss of generality. 

· Step 1: To determine the UE type (i.e. MUE, Non-CRE UE, and CRE UE) after determining the CRE bias value. Here, MUE is the UE attached to the macro cell, Non-CRE UE is the UE attached to pico cell even without any CRE bias value (i.e., CRE bias value of 0 dB) and CRE UE is the UE attached to the PeNB only with the CRE bias value more than 0 dB.
· Step 2: Run system-level simulations and obtain the user throughput per UE for the cases where all the subframes per radio frame are fully occupied with (a) the normal subframe only, and (b) reduced power ABS only. The scheduler policy in pico cells is assumed as follows:
· In normal subframe at macro cells: only assign radio resources to Non-CRE UE
· In reduced power ABS at macro cells: only assign resources to CRE UE
· Step 3: To estimate the aggregated user throughput per UE for the case of mixed subframe configurations using the results from Step 2 from the linear interpolation equation by varying the weight of (a) and (b) in accordance with the ratio of normal subframe or reduced power ABS per radio frame.
Throughput performances without TDM-eICIC are summarized in Table 1. This simulation results are treated as “baseline” in this section. 
Table 1. Throughput performances without TDM-eICIC (full buffer traffic model)
	Throughput 
[Mbps]
	Config.1
	Config.4b

	
	3GPP
	ITU
	3GPP
	ITU

	Macro Cell Area
	34.204 
	52.350 
	42.040 
	66.125 

	5% Worst User
	0.162 
	0.243 
	0.228 
	0.432 


Table 2 shows the relative gain due to zero or reduced power ABS compared to the baseline. Since the relative gain in macro cell area throughput is equivalent to that in the average user throughput, the relative gain in macro cell area throughput is not shown in Table 2. The red-colored data in Table 2 means that the performance of the zero or reduced power ABS is worse than that of the baseline. The cells highlighted in with yellow (i.e., a combination of duty ratio of ABAF and CRE bias value) in Table 2 mean a combination thatachieves gains on both average and 5% worst user throughput. On the other hand, the cells highlighted in green mean the best case that provides the maximum average user throughput among yellow highlighted combinations, whereas the cells highlighted in blue mean the best case that provides the maximum 5% worst user throughput among yellow highlighted combinations.
Table 2:  Relative gain due to zero or reduced power ABS compared to the baseline (full buffer traffic model)
(a) Configuration 1
.

	Relative 
gain [%]
	ABS
Duty 
	　
	3GPP
	ITU

	
	
	　
	0 dB
	6 dB
	8 dB
	10 dB
	12 dB
	0dB
	6 dB
	8 dB
	10 dB
	12 dB

	Average
 User Throughput
	12.5%
	zero power
	8.55 
	5.53 
	2.66 
	4.21 
	5.97 
	7.09 
	4.30 
	3.85 
	3.60 
	3.94 

	
	
	Reduced power
	-5.34 
	6.45 
	4.99 
	9.17 
	13.03 
	-6.39 
	1.18 
	4.06 
	5.78 
	6.95 

	
	25.0%
	zero power
	15.43 
	9.63 
	5.83 
	4.85 
	5.49 
	12.24 
	7.33 
	5.98 
	4.71 
	3.90 

	
	
	Reduced power
	-10.68 
	6.97 
	6.38 
	9.82 
	13.50 
	-12.78 
	-0.07 
	3.35 
	4.73 
	5.53 

	
	37.5%
	zero power
	21.10 
	12.60 
	8.36 
	5.64 
	5.47 
	15.62 
	9.78 
	7.78 
	6.29 
	4.90 

	
	
	Reduced power
	-16.02 
	7.49 
	7.77 
	10.47 
	13.96 
	-19.17 
	-1.31 
	2.64 
	3.68 
	4.11 

	
	50.0%
	zero power
	26.79 
	15.61 
	10.58 
	6.56 
	5.62 
	18.49 
	11.53 
	9.33 
	7.45 
	5.94 

	
	
	Reduced power
	-21.36 
	8.01 
	9.16 
	11.12 
	14.42 
	-25.56 
	-2.56 
	1.94 
	2.63 
	2.69 

	5% 
Worst User
Throughput
	12.5%
	zero power
	-11.52 
	6.86 
	2.25 
	-14.47 
	-34.34 
	-4.53 
	-2.67 
	-16.60 
	-39.45 
	-49.83 

	
	
	Reduced power
	-12.35 
	12.32 
	-6.20 
	-26.95 
	-79.93 
	-11.37 
	-13.69 
	-35.29 
	-41.15 
	-56.30 

	
	25.0%
	zero power
	-22.67 
	-5.01 
	1.65 
	4.78 
	4.72 
	-12.02 
	4.49 
	4.64 
	-14.43 
	-4.82 

	
	
	Reduced power
	-24.87 
	-1.17 
	-16.60 
	-21.41 
	-67.21 
	-23.17 
	-6.39 
	-3.23 
	-12.63 
	-35.44 

	
	37.5%
	zero power
	-34.52 
	-18.77 
	-13.76 
	-1.93 
	-0.28 
	-24.45 
	-6.94 
	1.86 
	-0.52 
	6.40 

	
	
	Reduced power
	-37.39 
	-17.64 
	-28.25 
	-26.10 
	-56.81 
	-35.98 
	-14.26 
	-13.05 
	-11.01 
	-22.95 

	
	50.0%
	zero power
	-48.53 
	-33.28 
	-26.99 
	-15.43 
	-15.76 
	-36.85 
	-23.64 
	-9.09 
	-4.21 
	9.72 

	
	
	Reduced power
	-49.91 
	-34.12 
	-38.97 
	-40.88 
	-61.06 
	-48.78 
	-30.82 
	-26.35 
	-26.51 
	-20.46 


(b) Configuration 4b
	Relative 
gain [%]
	ABS
Duty
	　
	3GPP
	ITU

	
	
	　
	0dB
	6 dB
	8 dB
	10 dB
	12 dB
	0dB
	6 dB
	8 dB
	10 dB
	12 dB

	Average 
User
Throughput
	12.5%
	zero power
	11.64 
	8.93 
	7.25 
	8.07 
	7.44 
	8.695 
	8.76 
	8.76 
	8.67 
	8.85 

	
	
	Reduced power
	-7.15 
	6.10 
	7.30 
	10.36 
	11.24 
	-8.240 
	3.43 
	4.57 
	5.24 
	5.93 

	
	25.0%
	zero power
	21.28 
	17.06 
	14.44 
	13.51 
	11.48 
	13.926 
	12.57 
	12.13 
	11.51 
	11.81 

	
	
	Reduced power
	-14.30 
	7.95 
	9.49 
	12.23 
	12.34 
	-16.479 
	1.36 
	2.07 
	2.99 
	3.69 

	
	37.5%
	zero power
	29.48 
	24.35 
	20.73 
	19.15 
	16.04 
	16.74 
	14.98 
	14.17 
	13.73 
	13.44 

	
	
	Reduced power
	-21.45 
	9.79 
	11.69 
	14.10 
	13.43 
	-24.72 
	-0.72 
	-0.44 
	0.74 
	1.46 

	
	50.0%
	zero power
	37.27 
	31.49 
	27.18 
	24.56 
	21.10 
	18.93 
	16.41 
	15.62 
	15.03 
	14.64 

	
	
	Reduced power
	-28.61 
	11.63 
	13.89 
	15.97 
	14.53 
	-32.96 
	-2.79 
	-2.94 
	-1.51 
	-0.78 

	5% 
Worst 
User
Throughput
	12.5%
	zero power
	-11.93 
	15.48 
	10.96 
	-16.02 
	-35.76 
	17.237 
	-4.19 
	-15.36 
	-24.85 
	-32.34 

	
	
	Reduced power
	-11.85 
	21.92 
	3.26 
	-28.72 
	-42.69 
	-12.029 
	0.70 
	-13.12 
	-13.89 
	-18.09 

	
	25.0%
	zero power
	-22.93 
	21.65 
	29.14 
	27.96 
	14.92 
	6.363 
	27.73 
	21.31 
	17.72 
	1.81 

	
	
	Reduced power
	-24.44 
	11.95 
	3.07 
	3.95 
	-5.21 
	-24.597 
	-10.32 
	-17.45 
	-10.91 
	-19.42 

	
	37.5%
	zero power
	-36.20 
	2.56 
	19.21 
	21.27 
	17.68 
	-9.20 
	25.97 
	25.96 
	23.03 
	10.29 

	
	
	Reduced power
	-37.03 
	-6.71 
	-9.19 
	-5.65 
	-3.87 
	-37.16 
	-25.05 
	-29.66 
	-24.74 
	-31.42 

	
	50.0%
	zero power
	-48.82 
	-13.83 
	-1.40 
	9.46 
	23.70 
	-26.45 
	17.71 
	23.14 
	26.09 
	12.82 

	
	
	Reduced power
	-49.63 
	-23.65 
	-25.43 
	-14.54 
	-17.36 
	-49.73 
	-40.04 
	-43.33 
	-38.56 
	-41.80 


From Table 2, the following observations can be summarized:
Observation 1: Reduced power ABS with ABS duty of 12.5% and CRE bias value of 6 dB achieves the maximum performance gains compared to the baseline for configuration 1 and 3GPP channel model scenario.

Considering the scheduling candidate UE in pico cells is limited to No-CRE and CRE UEs for normal and reduced power ABS, respectively, it is reasonable to claim potential benefit from reduced power for other scenarios.

Proposal 1: Further studies on reduced power ABS should be held in RAN1.
3 Conclusions
This contribution summarized the performance of initial evaluations on reduced power ABS.
Observation 1: Reduced power ABS with ABS duty of 12.5% and CRE bias value of 6 dB achieves the maximum performance gains compared to the baseline for configuration 1 and 3GPP channel model scenario.

Considering the scheduling candidate UE in pico cells is limited to No-CRE and CRE UEs for normal and reduced power ABS, respectively, it is reasonable to claim potential benefit from reduced power for other scenarios.

Proposal 1: Further studies on reduced power ABS should be held in RAN1.
References
[1] R1-114163, “Further evaluations on large CRE bias values”, RAN1#67
1
3

