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1. Introduction 
In 3GPP RAN1 #66 meeting, it was agreed to carry out further performance evaluations for cell range extension (CRE) based on agreed simulation assumptions [1].
In this contribution, we provide further system level simulation results of CRE performance in HetNet deployment scenario configuration 1 and configuration ‘4b’ [2]. These results can give further insight on how much gain can be achieved for medium and large CRE values with and without CRS interference cancellation.

2. Evaluation results and discussions 
2.1. Simulation results with different ABS ratios
The simulation assumptions are given in Appendix A and Appendix B based on the agreement from the last meeting [1]. In this section, we provide the throughput performance results of both 3GPP Model 1 and ITU-R pathloss Model for with and without CRS interference, where without CRS interference case gives the upper bound of the performance (i.e. ideal CRS interference cancellation) and with CRS interference case gives the lower bound of performance assuming no interference cancellation at the receiver side. Note that we used TM4 without CRS collision case (i.e. planned Cell ID layout for macro and Picos) and also MMSE receiver for both with and without CRS interference modeling. Our assumption of ABS pattern configuration is that macro and pico cells transmit at different subframes, i.e. when pico cell is transmitting, macro cell is muted and vice versa.
3GPP Model 1 

Figure 1 to 8 show throughput performance results of RSRP cell selection bias offset from 0dB to 18dB against the ABS ratio (i.e. ratio of protected pico subframes) for with and without CRS interference modeling using 3GPP Model 1 and MMSE receiver. 
Figure 1 to 4 show cell edge user throughput and total system throughput per macro cell area. 

We can see that total system throughput per macro cell area increases as the number of protected pico subframes increases regardless of CRE bias offset values. For large CRE bias offset values (i.e. 12dB and 18dB), total system throughput per macro cell area is lower than without CRE case (i.e. 0dB). Cell edge user throughput decreases as the number of protected pico subframes increases regardless of CRE bias offset values. In addition, it can be seen that the highest point of cell edge user throughput for each CRE bias offset value depends on the ratio of protected subframes and the traffic distribution. 
Furthermore, looking closely at Figure 1 and 2 where there is no CRS interference (i.e. ideal CRS interference cancellation), we can see that small or moderate CRE bias offset (e.g. 6dB) can improve both the mean user throughput and cell edge user throughput compared with no CRE case (i.e. 0dB). However, large values of CRE may improve (macro) cell edge user throughput and median user throughput, but decreases total system throughput per macro cell area. 
Figure 3 to 4, where there is CRS interference (i.e. no CRS interference cancellation), show that cell edge user throughput increases by approximately 50% to 100% when CRE is at 6dB and 12 dB for ABS ratio of 0.5. This improvement mainly comes from cell edge users of macro cell. However, we have to take into account the control channel reliability of pico cell edge users (see section 2.2). Note that all system/user throughput results in this section are obtained assuming PDCCH is ideal.   
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Figure 1. Cell edge user throughput and macro cell area throughput (Configuration 1 without CRS interference) 
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Figure 2. Cell edge user throughput and macro cell area throughput (Configuration 4b without CRS interference) 
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Figure 3. Cell edge user throughput and macro cell area throughput (Configuration 1 with CRS interference) 
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Figure 4. Cell edge user throughput and macro cell area throughput (Configuration 4b with CRS interference) 
Figure 5 to 8 show cell center user throughput (95%-tile) and median user throughput (50%-tile). 
We can see that cell center user throughput increases as the number of protected pico subframes increases, but decreases as the CRE bias offset increases regardless of CRE bias offset values. Median user throughput increases as the CRE bias offset increases except in some case of very low ratio of protected sub-frames (i.e. 0.2) or very large CRE bias offset value (i.e. 18dB) without CRS interference cancellation case. 
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Figure 5. Cell center user throughput and median user throughput (Configuration 1 without CRS interference) 
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Figure 6. Cell center user throughput and median user throughput (Configuration 4b without CRS interference) 
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Figure 7. Cell center user throughput and median user throughput (Configuration 1 with CRS interference) 
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Figure 8. Cell center user throughput and median user throughput (Configuration 4b with CRS interference) 
ITU-R Model
Figure 9 to 16 show the throughput performance results for RSRP cell selection bias offset from 0dB to 18dB against ratio of protected pico transmission subframes for with and without CRS interference modeling for ITU-R Pathloss Model using MMSE receiver.
Similar trend in throughput performance as in 3GPP model 1 can be observed.
Figure 9 to 12 show cell edge user throughput and total system throughput per macro cell area. 
We can see that total system throughput per macro cell area increases as the number of protected pico subframes increases and decreases as CRE bias offset value increases. The cell edge user throughput increases as CRE bias offset value increases except for at 18dB without CRS interference cancellation case. 
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Figure 9. Cell edge user throughput and macro cell area throughput (Configuration 1 without CRS interference) 
[image: image19.png]Cell Edge User Throughput (Mbps)

3
o

=
o

IS
=

I
w

I
N

I
o

'y

0.2

0.4 0.6 0.8
Ratio of protected subframes

—4—0dB
——6dB
—&—12dB
——18dB




             [image: image20.png]Total Throughput per Macro Cell Area

(Mbps)

120

100

80

60

40

20

0.2

0.4 0.6 0.8 1
Ratio of protected subframes

——0dB
——6dB
—A—12dB
——18dB





Figure 10. Cell edge user throughput and macro cell area throughput (Configuration 4b without CRS interference) 
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Figure 11. Cell edge user throughput and macro cell area throughput (Configuration 1 with CRS interference) 
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Figure 12. Cell edge user throughput and macro cell area throughput (Configuration 4b with CRS interference) 
Figure 13 to 16 show cell center user throughput (95%-tile) and median user throughput (50%-tile). 
The 95%-tile user throughput increases as the number of protected pico subframes increases, but decreases as the CRE bias offset increases regardless of CRE bias offset values. Median user throughput increases as the CRE bias offset increases except in some case of very low ratio of protected sub-frames (i.e. 0.2) or very large CRE bias offset value (i.e. 18dB) without CRS interference cancellation case. 
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Figure 13. Cell center user throughput and median user throughput (Configuration 1 without CRS interference) 
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Figure 14. Cell center user throughput and median user throughput (Configuration 4b without CRS interference)
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Figure 15. Cell center user throughput and median user throughput (Configuration 1 with CRS interference) 
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Figure 16. Cell center user throughput and median user throughput (Configuration 4b with CRS interference) 
2.2. Control Channel Performance

In this section, we look at results of Configuration 1 at ABS ratio=0.5 for both 3GPP model 1.
Figure 17 shows the geometry CDFs of pico UEs with and without CRS interference (i.e. ideal CRS interference cancellations) for 3GPP Model 1. We can see that CRS interference has a significant impact on control channel performance, especially at CRE=12dB and 18dB. 
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Figure 17 geometry CDFs of the Pico UEs (3GPP Model 1)
3. Conclusion 
Cell Range Extension (CRE) with ABS eICIC can offer significant performance benefits. CRS Interference Cancellation at UE receiver (ideal case in our simulation) can improve both user throughput and control channel performance. However, large values of CRE bias offset (i.e. 12 dB or 18dB) have an impact on  control channel performance for cell edge users with or without CRS interference cancellation. 
Note that the simulations in this contribution do not include the cell selection RSRQ threshold described in [3]. When a suitable RSRQ threshold is applied, simulation results in [3] show that large values of CRE can be used without degrading system throughput, cell edge user throughput or control channel performance.
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Appendix A: 3GPP Model 1 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

	Rel-10 eICIC
	TDM with varying ABS ratio 


Appendix B: ITU-R Model 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 
	ITU-R model, see 3GPP 36.814 table B.1.2.1-1 

	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 12 degree 

	Macro eNB antenna gain
	17dBi

	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
	25m

	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

	Rel-10 eICIC
	TDM with varying ABS ratio 
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