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1
Introduction

It is one of the objectives of the R11 FeICIC WI [1] to identify the interference scenarios for which UE performance requirements will need to be specified.
In this contribution we provide results for different FeICIC configurations using the recently adopted evaluation assumptions in August 2011 RAN1#66 and [3]. In particular we present system-level simulation results for different CRE values and different ABS density patterns. Furthermore, we provide CRS interference based throughput results.
2
System-level evaluation

2.1
Simulation assumptions and methodology

In order to mitigate the effect of introducing CRE, ABS can be used whereby the Macro cell uses the almost blank subframes to limit the interference on UEs that have selected Pico cells.

Our simulation results show the throughput for different combinations of CRE and ABS settings. During ABS subframes, the Macro cell continues transmitting CRS to ensure proper operation of legacy UEs. In order to better understand the potential gains and constraints arising from CRE, it has been proposed to consider the effect of Macro CRS interference on Pico UEs [2].

For the shown results, we used the agreed-upon system-level evaluation setup and methodology in [3].

The CRS interference model used in this contribution is to equally distribute the total CRS interference to the target UE over all the relevant REs as white Gaussian noise (Alt-2 in [3]).

For the purpose of this performance evaluation, we considered full buffer traffic. Results shown are for the case of 4 Pico nodes in the area of 1 Macro cell (Conf. 4b).

2.2 
Simulation results
The set of evaluated ABS pattern densities is {0, 0.25, 0.5}.  For the case where the ABS pattern density is greater than 0, the pattern periodicity is always 8 subframes. The following ABS patterns, where a 1 indicates an ABS and a 0 indicates a normal subframe, were evaluated:
· For 25% ABS: [1 1 0 0 0 0 0 0]

· For 50% ABS: [1 0 1 0 1 0 1 0].
In the following tables we provide results for different combinations of CRE and ABS.

The label “With CRS” means that CRS interference has been simulated, while “No CRS” means no CRS interference is assumed during ABS. The percentage gain under values in the table reflects the gain when comparing results where CRS interference is modeled versus results when CRS interference is not.
Table 1: Impact of CRS interference for different (ABS,CRE={0,6})
	Scheme

(% ABS, CRE bias in dB)
	Macro Cell Area Avg. SE (bps/Hz/Cell)
	User Mean Tput (Mbps)
	5%-ile Cell Edge User SE (bps/Hz)
	Jain Index
	% of Pico UEs

	
	
	All UEs
	Macro UEs
	Pico UEs
	All UEs
	Macro UEs
	Pico UEs
	
	

	Baseline 

(0,0)
	11.554
	3.852
	2.047
	4.562
	0.082
	0.054
	0.136
	0.67
	71.7

	No CRS

(25,0)
	12.577
	4.192
	1.493
	5.255
	0.061
	0.039
	0.153
	0.65
	

	With CRS

(25,0)
	12.044
	4.015

(-4.2%)
	1.487
	5.010

(-4.7%)
	0.061

(0.0%)
	0.039
	0.151

(-1.3%)
	0.64
	

	No CRS

(50,0)
	12.376
	4.125
	0.932
	5.383
	0.038
	0.024
	0.145
	0.60
	

	With CRS

(50,0)
	11.947
	3.982

(-3.5%)
	0.930
	5.185

(-3.7%)
	0.038

(0.0%)
	0.025
	0.149

(+2.8%)
	0.61
	

	No CRS

(25,6)
	12.376
	4.125
	2.838
	4.410
	0.103
	0.081
	0.112
	0.73
	81.9

	With CRS

(25,6)
	11.706
	3.902

(-5.4%)
	2.836
	4.138

(-6.2%)
	0.098

(-4.9%)
	0.082
	0.105

(-6.3%)
	0.71
	

	No CRS

(50,6)
	12.378
	4.126
	1.780
	4.644
	0.089
	0.051
	0.125
	0.71
	

	With CRS

(50,6)
	11.481
	3.827

(-7.3%)
	1.779
	4.280

(-7.8%)
	0.089

(0.0%)
	0.053
	0.116

(-7.2%)
	0.70
	


Table 2: Impact of CRS interference for different (ABS,CRE={9,12})
	Scheme

(% ABS, CRE bias in dB)
	Macro Cell Area Avg. SE (bps/Hz/Cell)
	User Mean Tput (Mbps)
	5%-ile Cell Edge User SE (bps/Hz)
	Jain Index
	% of Pico UEs

	
	
	All UEs
	Macro UEs
	Pico UEs
	All UEs
	Macro UEs
	Pico UEs
	
	

	No CRS

(25,9)
	12.417
	4.139
	4.020
	4.158
	0.108
	0.115
	0.103
	0.74
	86.0

	With CRS

(25,9)
	11.598
	3.866

(-6.6%)
	4.015
	3.842

(-7.6%)
	0.096

(-11.1%)
	0.114
	0.094

(-8.7%)
	0.72
	

	No CRS

(50,9)
	12.397
	4.133
	2.534
	4.392
	0.106
	0.072
	0.119
	0.75
	

	With CRS

(50,9)
	11.345
	3.782
(-8.5%)
	2.532
	3.985
(-9.3%)
	0.101
(-4.7%)
	0.072
	0.110
(-7.6%)
	0.73
	

	No CRS
(25,12)
	12.330
	4.110
	5.207
	3.975
	0.098
	0.114
	0.097
	0.74
	89.0

	With CRS
(25,12)
	11.434
	3.811
(-7.3%)
	5.205
	3.640
(-8.4%)
	0.080
(-18.4%)
	0.112
	0.078
(-19.6%)
	0.70
	

	No CRS
(50,12)
	12.296
	4.099
	3.288
	4.198
	0.103
	0.070
	0.109
	0.76
	

	With CRS
(50,12)
	11.165
	3.722
(-9.2%)
	3.292
	3.775
(-10.1%)
	0.092
(-10.7%)
	0.070
	0.092
(-15.6%)
	0.73
	


Table 3: Impact of CRS interference for different (ABS,CRE=18)
	Scheme

(% ABS, CRE bias in dB)
	Macro Cell Area Avg. SE (bps/Hz/Cell)
	User Mean Tput (Mbps)
	5%-ile Cell Edge User SE (bps/Hz)
	Jain Index
	% of Pico UEs

	
	
	All UEs
	Macro UEs
	Pico UEs
	All UEs
	Macro UEs
	Pico UEs
	
	

	No CRS

(25,18)
	12.546
	4.182
	9.639
	3.802
	0.086
	0.182
	0.082
	0.62
	93.5

	With CRS

(25,18)
	11.625
	3.875

(-7.3%)
	9.634
	3.474

(-8.6%)
	0.055

(-36.0%)
	0.181
	0.051

(-37.8%)
	0.57
	

	No CRS

(50,18)
	12.372
	4.124
	6.230
	3.978
	0.098
	0.117
	0.092
	0.72
	

	With CRS

(50,18)
	11.171
	3.724

(-9.7%)
	6.229
	3.549

(-10.8%)
	0.063

(-35.7%)
	0.117
	0.060

(-34.8%)
	0.67
	


The results in Tables 1-3 show the effect of CRS interference onto Pico UEs when using ABS. As the CRE is increased, the loss in throughput from CRS interference is also increased. This indicates that CRS interference mostly affects the cell-edge Pico UEs. Increasing the ABS pattern density reduces most of the PDSCH interference from Macro cells to Pico UEs, however it does not mitigate the interference of CRS on Pico UEs. Offloading UEs to the Pico by using CRE increases the Macro UE throughput. However, the over-all effect is offset by a decrease in Pico UE throughput due to CRS interference.
According to these results, the optimal CRE and ABS density combination depends on whether CRS interference is assumed present or not. The optimal CRE and ABS density combination yielding a gain in overall throughput and maximizing 5%-ile cell-edge user throughput with CRS interference is 25% ABS and 6 dB CRE. When no CRS interference is assumed, the optimal combination is 25% ABS and 9 dB CRE. If one wishes to only maximize the overall throughput, then 25% ABS and 0 dB CRE is optimal for both CRS interference and no CRS interference.
[image: image1.png]Mean user throughput (Mbps)

9

CRE (dB)

12

18

M 25% ABS with no CRS
m 50% ABS with no CRS
1 25% ABS with CRS
W 50% ABS with CRS



[image: image2.png]Q
)
@
Ko}
-
Q
>
o

Mean user throughput g

(%)

10

—4—25% ABS with no CRS
—fi—50% ABS with no CRS

= 25% ABS with CRS

/ 50% ABS with CRS

9 12 18

CRE (dB)




Figure 1: Mean User Throughput and gain over baseline for different ABS and CRE combinations.
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Figure 2: Cell-edge user SE and gain over baseline for different ABS and CRE combinations.

Figure 1 shows the mean user throughput  for different CRE/ABS density combinations as well as the gain over the baseline (0 dB CRE and ABS density 0%).

As the CRE bias is increased, the effect of CRS interference is evident especially at high CRE for both 25% and 50% ABS pattern densities.

From the cell-edge results in Figure 2, it can be seen that a moderate increase in CRE leads to gains compared to the baseline. However, the observed gain, i.e. the expected behavior peaks around a 9 dB CRE bias value. Furthermore, as the CRE is increased, better performance is achieved with higher ABS densities.

3
Conclusions
In this contribution we have presented simulation results for heterogeneous network scenarios with eICIC based on the RAN1#66 simulation assumptions in [3] showing the effect on throughput for different configurations of CRE and ABS. Furthermore, we have presented the effect of CRS interference caused by the use of CRE onto Pico UEs in ABS subframes. Our results indicate the sensitivity of cell-edge Pico UEs to CRS interference is detrimental to system performance.

According to our evaluation results, the optimal CRE and ABS density combination yielding a gain in overall throughput and maximizing 5%-ile cell-edge user throughput with CRS interference is 25% ABS and 6 dB CRE. When no CRS interference is assumed, the optimal combination is 25% ABS and 9 dB CRE. If one wishes to only maximize the overall throughput, then 25% ABS and 0 dB CRE is optimal for both CRS interference and no CRS interference.
.
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Appendix 
Simulation assumptions based on R1-112856 and the in-meeting agreements from RAN1#66 are summarized in Table 4.
Table 4: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	FeICIC deployment
	Configuration 4b

- 4 Picos per Macro cell, 30 UEs in Macro cell area with 5 UEs per LPN/Pico and remaining 10 UEs per Macro cell.

	Simulation case
	Macro cell: ITU UMa

LPN / Pico: ITU UMi

	Duration
	1 drop/ 2000 TTI

	Tx power setting
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	System bandwidth
	10 MHz 

	Handover margin
	1 dB

	DL transmission schemes
	SU-MIMO rank 2

	ABS pattern
	[1 0 1 0 1 0 1 0], [1 1 0 0 0 0 0 0]

	Scheduler
	Proportional fair

	Antenna configuration (Network)
	Macro cell: 2 (XPol)

LPN / Pico: 2 (XPol)

	Antenna configuration (UE)
	2 (XPol)

	Antenna pattern
	Macro cell: 3D

LPN / Pico: 2D

	eNB Antenna tilt
	Macro cell: 12 degrees

LPN / Pico: N/A

	Channel estimation
	Ideal

	UE receiver
	MMSE

	Traffic model
	Full buffer model

	Link adaptation
	Realistic 

	CRS interference
	CRS interference to Pico UEs’ PDSCH modeled as white noise per RB during ABS (Alt-2)


