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1. Introduction  
At RAN1#62, almost blank subframe was agreed to be the baseline time domain interference management method for a macro-pico deployment. However, the gain of cell range expansion is not clear. In this contribution, we study the performance of cell range expansion when applied with almost blank subframe as the interference coordination method in outdoor hotzone.  

2. Simulation Assumptions
The simulation assumptions are as described in [1]. In this contribution, we present simulation results for 3GPP Case 1 with several UE distributions. In particular, Configuration 1, 4a and 4b as in [1] are considered. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are listed in Annex-A.
The subframe allocation for macro and pico cells in the almost blank subframe coordination is fixed as the following: even number subframe for macro cells and odd number subframe for pico cells. The results in terms of downlink UE throughput are investigated for different cell selection bias values to see the gain of cell range expansion.
3. Simulation Results

3.1 Configuration 1

Table 1 shows the UE average normalized DL throughput for the different cell selection biases. Table 2 shows the edge UE (5%) normalized DL throughput.
Table 1 UE average normalized DL throughput (bps/Hz) performance in Configuration 1
	Bias (dB)
	10
	15
	20
	25

	Hetnet all UE
	0.141
	0.136
	0.135
	0.133

	Hetnet Macro UE
	0.071
	0.101
	0.148
	0.231

	Hetnet LPN UE
	0.218
	0.159
	0.130
	0.110

	Homo all UE
	0.063
	0.061
	0.062
	0.063


Table 2 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 1
	Bias (dB)
	10
	15
	20
	25

	Hetnet all UE
	0.019
	0.021
	0.019
	0.016

	Hetnet Macro UE
	0.016
	0.022
	0.029
	0.044

	Hetnet LPN UE
	0.029
	0.021
	0.017
	0.015

	Homo all UE
	0.014
	0.014
	0.014
	0.014


From the simulation results, we can see that, the gain of Het-Net is obvious compared to a homogeneous deployment. With the increase of cell selection bias value, more UEs are assigned to Pico cells. Since now less UEs belong to the macro cell, macro UEs observe a noticeable improvement on both average and edge throughput. While the pico UEs see performance degradation on both average and edge throughput. As a result, the average and edge throughput for all UEs in the heterogeneous deployment do not vary much or actually decrease slightly as the bias value increases. 
3.2 Configuration 4a

Table 3 shows the UE average normalized DL throughput for the different cell selection biases. Table 4 shows the edge UE (5%) normalized DL throughput.
Table 3 UE average normalized DL throughput (bps/Hz) performance in Configuration 4a
	Bias (dB)
	10
	15
	20
	25

	Hetnet all UE
	0.075
	0.071
	0.069
	0.067

	Hetnet Macro UE
	0.037
	0.050
	0.079
	0.127

	Hetnet LPN UE
	0.104
	0.081
	0.067
	0.057

	Homo all UE
	0.026
	0.026
	0.026
	0.026


Table 4 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4a

	Bias (dB)
	10
	15
	20
	25

	Hetnet all UE
	0.010
	0.011
	0.010
	0.008

	Hetnet Macro UE
	0.008
	0.011
	0.017
	0.025

	Hetnet LPN UE
	0.015
	0.011
	0.009
	0.008

	Homo all UE
	0.006
	0.006
	0.006
	0.006


The results and trends are similar to what we observed in Configuration 1. With the increase of cell selection bias values, more UEs are assigned to Pico cells. Since now less UEs belong to the macro cell, macro UEs observe a noticeable improvement on both average and edge throughput. While the pico UEs see performance degradation on both average and edge throughput. As a result, the average and edge throughput for all UEs in the heterogeneous deployment are noticeably decreased when the cell selection bias value increases. 

3.3 Configuration 4b
Table 5 shows the UE average normalized DL throughput for the different cell selection biases. Table 6 shows the edge UE (5%) normalized DL throughput.
Table 5 UE average normalized DL throughput (bps/Hz) performance in Configuration 4b
	Bias (dB)
	10
	15
	20
	25

	Hetnet all UE
	0.087
	0.085
	0.084
	0.081

	Hetnet Macro UE
	0.052
	0.079
	0.127
	0.205

	Hetnet LPN UE
	0.103
	0.086
	0.076
	0.069

	Homo all UE
	0.026
	0.026
	0.026
	0.027


Table 6 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4b

	Bias (dB)
	10
	15
	20
	25

	Hetnet all UE
	0.014
	0.015
	0.013
	0.011

	Hetnet Macro UE
	0.012
	0.018
	0.027
	0.040

	Hetnet LPN UE
	0.017
	0.014
	0.012
	0.011

	Homo all UE
	0.006
	0.006
	0.006
	0.006


Once again, the results and trends are similar to what we observed in Configuration 1 and Configuration 4a. With the increase of cell selection bias value, more UEs are assigned to Pico cells and less UEs belong to the macro cell. The macro UEs observe a noticeable improvement on both average and edge throughput; while the pico UEs see performance degradation on both average and edge throughput. As a result, the average and edge throughput for all UEs in the heterogeneous deployment are noticeably decreased when the cell selection bias value increases.

4. Conclusions

In this contribution, we have presented performance evaluations for cell range expansion in terms of downlink data channel in a co-channel deployment with macro cells and outdoor pico cells, assuming almost blank subframe as the enhanced interference management technique. Based on our simulation results, we have the following conclusion:
· For the scenarios we considered, the gain of biased cell selection in terms of average and edge DL throughput is not obvious.
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Annex-A
Table A.1 Simulation parameters
	Parameter
	Assumption

	Scenario
	Case 1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around

	Pico layout
	4 Picos per Macro cell

	UE distribution
	Configuration 1
	25 UEs 

	
	Configuration 4a
	60 UEs

	
	Configuration 4b
	60 UEs

	Cell selection bias
	10, 15, 20, 25 dB

	Min distance among Picos 
	40 m

	Min distance between Pico and Macro
	75 m

	Total eNB TX power (Ptotal)
	46 dBm

	Total Pico TX power
	30 dBm

	BS antenna gain plus cable loss
	14 dBi

	Pico antenna gain plus connector loss
	5 dBi  

	UE antenna gain
	0 dBi

	Distance-dependent path loss for Macro to UE
	Model 1 [1]

	Distance-dependent path loss for Pico to UE
	Model 1 [1]

	Penetration Loss  
	20 dB 

	Number of antenna elements 
	1 × 2

	Polarization
	No

	Traffic model
	Full buffer
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