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1. Introduction  
With the introduction of cell range expansion (CRE) technique, the ABS solution has been agreed as the time domain scheme to mitigate the interference to the UE in expanded area of pico cell in HetNets. 
In RAN1#66, the following baseline is agreed to study for non-CA based further enhanced ICIC:  

On ABS configuration:  

· Full buffer case

· Static per macro cell (could vary among cells)

· ABS rates to be adapted for each offset

· Non-full buffer case

· Baseline: Static per macro cell (could vary among cells)

· ABS rates to be adapted for each offset and traffic load. 

· Optional: Adaptive

· Updating period to be provided
In this contribution, we study the performance gain with combined use of ABS and range expansion technique. We evaluate the maximum system performance benefit by setting the optimum ratio of ABS under various CRE bias values and henceforth present what range of CRE bias may be set to contribute to system performance improvement.  
2. Simulation assumptions
We study the scenarios by referring to [3], which is cell-edge deployment with 4 pico cell per sector, where the distance between the pico eNB and macro eNB is 8/15 ISD. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are referred to Appendix. 
We aim to study the performance impact of ABS ratio with the application of range expansion under different distribution in the macro+pico deployment. The various biases, e.g., 3dB, 6dB, 12dB and 18dB, are used to illustrate the impact of the UE association approaches. Specifically, this contribution shows the cell throughput and cell edge throughput as well as UE throughput CDF. The UE placement is according to Configuration 1 and Configuration 4b[2]. We consider both the uniform UE distribution and clustered UE distribution. The interference from the cell-specific reference signal (CRS) is not considered herein.

With the increasing of CRE bias, more UE is offloaded from the macro cell to the pico cell. Consequently, the resulting UE ratio connected to the pico cell increases. More UE in the expanded area of range expansion suffers from severe interference. Since ABS is introduced as the solution to mitigate the interference, the number of ABS will affect the system performance. It is expected that there is a optimum ratio of ABS to maximize the system performance under a certain traffic model and UE distribution. In the following, we use the extensive simulations to show the performance gain with respect to the ABS ratio set.
We mainly study the performance in terms of cell throughput and edge throughput as well as UE throughput CDF via adjustment of ABS ratio with various CRE bias values.

3. Performance
The cell throughput is calculated as the total throughput of all the UE per sector (with one macro eNB and 4 pico eNBs).The cell edge throughput is calculated as 5% of all UE throughput. 
Figure 1 shows the cell throughput (Mbps) versus the ratio of protected subframes respectively for various bias values of cell range expansion in Conf. 1. Figure 2 shows the cell edge throughput (kbps) versus the ratio of protected subframes respectively for various bias values of cell range expansion in Conf. 1. We observe that there is an optimum ratio of ABS for a certain RE bias to maximize the cell edge throughput. The ratio of ABS increases with the incremental bias as more UE are connected to the pico and appear as the pico edge UE. Hence, more protected subframes are required to ensure these part of UE data transmission free of interference. Furthermore, we observe that there will be no more increasement of cell edge throughput with bias value between 12-18dB. The maximized cell edge throughput at 18dB is lower than that at 6dB and 12dB.
Figure 3 shows the cell throughput (Mbps) versus the ratio of protected subframes respectively for various bias values of cell range expansion in Conf. 4b. Figure 4 shows the cell edge throughput (kbps) versus the ratio of protected subframes respectively for various bias values of cell range expansion in Conf. 4b. The same trends are observed. It is shown that optimal ABS ratio set up can contribute to better mitigation of interference between macro and pico nodes and hence leads to the throughput improvement. Moreover, we observe that compared with conf. 1, the optimal bias value increases with respect to the cell edge throughput in conf. 4b. The maximized cell edge throughput at 18dB is almost the same as that at 6dB and 12dB. This is attributed to the clustered UE distribution with the increase of UE ratio connected to pico eNB. 
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Fig. 1 Cell throughput (Mbps) versus the ratio of protected subframes in Conf. 1
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Fig. 2 Cell edge throughput (kbps) versus the ratio of protected subframes in Conf. 1
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Fig. 3 Cell throughput (Mbps) versus the ratio of protected subframes in Conf. 4b
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Fig. 4 Cell edge throughput (kbps) versus the ratio of protected subframes in Conf. 4b
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Fig. 5 UE throughput CDF in Conf. 1
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Fig. 6 UE throughput CDF in Conf. 4b
Figure 5 and 6 show the empirical CDF of UE throughput for various bias values of cell range expansion in Conf. 1 and 4b respectively. The same conclusion may be drawn that there is no significant throughput increase when the RE bias is increased to 12-18dB. 
4. Conclusions

In this contribution, we have evaluated the system performance benefit with respect to the varying ABS ratio under macro plus pico deployment. We assume the full buffer traffic model and use uniform UE distribution and clustered UE distribution to observe the performance gain. Based on the evaluation, we have the following proposal:

· By adjusting the ABS ratio, the system performance may be maximized for various CRE bias. The CRE bias that exceeds 12-18dB will not bring more performance gain in terms of cell edge throughput.
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Annex-A

Table Simulation parameters

	Parameter
	Value

	HTN scenario
	3GPP, Hotzone, configuration 1, configuration 4b, model 1

	Cellular layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1)

	eNodeB Tx power
	46 dBm

	Hotzone Tx power
	30 dBm

	Number of Hotzones per cell
	4

	Number of UE per cell
	25 (uniform distribution), 30 (clustered distribution)

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Scheduling delay
	6ms

	Scheduling granularity
	5PRBs

	Downlink HARQ
	Asynchronous HARQ with CC, Maximum three retransmissions, and hop-by-hop HARQ in relay network

	Number of eNodeB antenna
	2 Tx antenna 

	Number of Hotzone antenna
	2 Tx antenna and 2 Rx antennas 

	Number of UE antenna
	2 Rx antennas 

	Antenna configuration
	eNodeB antenna pattern: 14dBi antenna gain, sectorized 
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Hotzone antenna pattern:  5dBi antenna gain, Omni,  
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UE antenna pattern:  0dBi antenna gain, Omni

	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	Model 1:

PL= 128.1+37.6log10(R), R in km
Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
R in km
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	
	Hotzone to UE
	Model 1:

PL=140.7+36.7log10(R), R in km 
Model 2:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Penetration loss
	20dB for both macro to UE and Hotzone to UE

	Channel estimation error
	None

	UE antenna gain
	0 dBi

	Noise figure at pico
	5 dB

	Noise figure at UE
	9 dB

	Penetration loss
	20 dB for both macro to UE and Pico to UE

	Distance-dependent path loss
	Model 1 [3] (3GPP Case1), Model 2 [3] (ITU)

	Min distance among Picos 
	40 m

	Min distance between Pico and Macro
	75 m

	Min distance between UE and MeNB 
	35 m

	Min distance between UE and Pico
	10 m
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