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1
Introduction
In this contribution we evaluate eICIC performance for a range of handover bias values according to the simulations assumptions given in [1] and the way forward on feICIC agreed at RAN 1#66bis [3]. Based on the simulation results presented in this contribution and in [4] we propose to define UE performance requirements for the bias value of 12 dB.
2
Simulations assumptions
In [4] we evaluated system performance for the simulations evaluation methodology given in [1] assuming zero power almost blank subframes (ABS). In this contribution, we focus on reduced power ABS [3] and traffic models [1]. Static resource partitioning algorithm is utilized, where fixed number of subframes  is configured as reduced power ABS in all macro cells.. In the main body of the contribution, we show the performance results for the optimum partition. Configuring 6 out of 8 subframes (75%) as reduced power ABS generally produced optimum results for almost all scenarios. Only scenarios with 6 dB bias and baseline Rel-8 receiver with interference cancellation (IC) for 3GPP channel models showed optimum performance when 4 out of 8 subframes (50%) as reduced power ABS.  The sensitivity analysis in shown in the Appendix. 2 CSI reports from the UE and 2 outer loops at the eNB are simulated.
The statistics for traffic model simulations is collected only after the warm up of 10 seconds is completed. In addition, all data transmitted over the air is computed in the cell throughput, while only completed file transfers are counted towards UE throughput. Similarly as in [4], we evaluated the system performance up to a point where the served throughput in the system cannot sustain the offered load and the system becomes unstable. We denoted that point as a “stability” point, and give a complete set of results in the tables in the Appendix. In order to prevent instability, the network needs to maintain the load below the “stability” point. In practice this is commonly achieved by maintaining utilization of PRB resources at a given target, typically 50%. In Section 3 of the contribution, we consider 50% average PRB utilizations on macro and pico layers as a reference loading that is used for comparison among different bias values.
TM 4 is selected for evaluation. CRS interference is modeled per evaluation methodology where in case of colliding CRS, channel estimation losses are estimated by link simulations. We adopt conservative CRS IC modeling, where CRS interference is estimated over single subframe using a sliding window averaging approach. No attempt is made to optimize filtering for scenario of interest. In the system simulations, CRS interference cancellation is modeled by accounting for CRS cancellation factors estimated through link simulation for a range of SNIR values of interest. With CRS IC modeled, we consider bias values of up to 12 dB. However, in case of no IC, we limit the bias to 6 dB as larger bias values would impact the control channel performance. Details on the channel estimation losses and CRS interference cancellation factors are given in the Appendix. Given the performance tradeoff analysis results from [4], we assume that CRSs from 2 strongest cells are cancelled.
3
Simulations results
We evaluate traffic model scenarios for all configurations listed in [1]. The association statistics for the simulated scenarios is illustrated in Table 1. As it can be seen from the table, we observe that in case of ITU model, more UEs are associated with the pico eNBs than in case of 3GPP Model 1. As expected, hotspot scenario (configuration 4b) also results in large percentage of UEs associated with the pico eNBs than uniform distribution (configuration 1).
Table 1: Association statistics for 3GPP model 1 and ITU model

	Model 
	Configuration 
	0dB 
	6dB 
	12dB 

	3GPP 
	1 
	19% 
	34% 
	53% 

	3GPP 
	4b 
	38% 
	57% 
	72% 

	ITU 
	1 
	55% 
	71% 
	81% 

	ITU 
	4b 
	71% 
	84% 
	90%


3.1   3GPP model 1, configuration 1 
In Figure 1 we show macro area cell throughput (macro + 4 picos) as a function of resource utilization. As it can be seen from the figure, larger bias values allow for larger system throughputs for the same utilization values. 
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Figure 1: Served cell (macro area) throughput as a function of resource utilization for 3GPP model 1, configuration 1.
Typical utilization value considered for practical network deployments is 50% of resources. In Table 2, we summarize system performance gain at the 50% utilization point.  
As it can be seen from the table, larger bias values provide significant gain. For 6 dB bias value, IC alone can provide more than 20% gain and 12 dB bias further improve the performance of the system by another 20%.
Table 2: System throughput at 50% resource utilization, 3GPP model 1, configuration 1
	Bias
	IC
	ABS at macro
	System Throughput [Mbps]
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB
	No
	N/A
	24.02
	-
	-
	-
	-

	6dB
	No
	4 of 8
	25.55
	+6.4
	-
	-
	-

	6dB
	Yes
	6 of 8
	29.91
	+24.5
	+17.1
	-
	-

	9dB
	Yes
	6 of 8
	32.37
	+34.7
	+26.7
	+8.2
	-

	12dB
	Yes
	6 of 8
	35.83
	+49.1
	+40.2
	+19.8
	+10.7


In order to have a fair UE cell edge and median comparison we need to consider a reference point for the system loading. For that purpose we consider system load that results in utilization of 50% of resources for the case where cell bias is 6 dB and interference cancellation receiver is utilized. Table 3 shows cell edge and Table 4 shows median performance comparisons. 
As it can be seen from the tables, larger bias values provide significant gain. More than 33% gain for UE cell edge performance is achieved when bias is increased from 6 dB to 12 dB when IC is employed. The gain is about the same, 31% when median UE performance is considered. 
Table 3: UE cell edge performance for heavy system loading, 3GPP model 1, configuration 1.
	Bias 
	IC 
	ABS at macro 
	UE 5% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	2.01
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	3.24
	N/A
	+61.1
	-
	-

	9dB 
	Yes
	6 of 8 
	3.54
	N/A
	+76.1
	+9.2
	-

	12dB 
	Yes
	6 of 8 
	4.32
	N/A
	+114.9
	+33.3
	+22.0


Table 4: Median UE performance for heavy system loading, 3GPP model 1, configuration 1.
	Bias 
	IC 
	ABS at macro 
	UE 50% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	5.75
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	12.06
	N/A
	+109.7
	-
	-

	9dB 
	Yes
	6 of 8 
	14.60
	N/A
	+153.9
	+21.1
	-

	12dB 
	Yes
	6 of 8 
	15.79
	N/A
	+174.6
	+30.9
	+8.1


Another way to compare system performance would be to look at system throughput gain for a given UE cell edge performance. Such comparison is given in Table 5, where for a reference UE cell performance we consider performance at 50% utilization 6 dB bias and interference cancellation receiver. 
As it can be seen from the table, for the reference UE cell edge performance, 12 dB bias can provide 14.3% gain over 6 dB and 10% over 9 dB bias values, respectively.  

Table 5: System throughput for the same UE cell edge performance, 3GPP model 1, configuration 1
	Bias 
	IC 
	ABS at macro 
	UE 5% [Mbps] 
	System Throughput [Mbps]
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	3.24
	19.91
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	3.24
	23.05
	+15.8
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	3.24
	29.90
	+50.1
	+29.7
	-
	-

	9dB 
	Yes
	6 of 8 
	3.24
	31.09
	+56.1
	+34.9
	+3.9
	-

	12dB 
	Yes
	6 of 8 
	3.24
	34.20
	+71.7
	+48.4
	+14.3
	+10.0


3.2    3GPP model 1, configuration 4b 

In Figure 2 we show macro area cell throughput (macro + 4 picos) as a function of resource utilization. As it can be seen from the figure, larger bias values allow for larger system throughputs for the same utilization values.  
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Figure 2: Served cell (macro area) throughput as a function of resource utilization for 3GPP model 1, configuration 4b.
In As it can be seen from the table, larger bias values provide significant gain. For 6 dB bias value, IC alone can provide more than 20% gain and 12 dB bias further improve the performance of the system by another 21%.

Table 6
 we summarize system performance gain at the typical 50% utilization point.  As it can be seen from the table, larger bias values provide significant gain. 

As it can be seen from the table, larger bias values provide significant gain. For 6 dB bias value, IC alone can provide more than 20% gain and 12 dB bias further improve the performance of the system by another 21%.

Table 6: System throughput at 50% resource utilization, 3GPP model 1, configuration 4b.
	Bias 
	IC 
	ABS at macro 
	System Throughput [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	30.34
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	34.14
	+20.1
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	42.09
	+38.7
	+15.5
	-
	-

	9dB 
	Yes
	6 of 8 
	48.17
	+58.7
	+32.2
	+14.4
	-

	12dB 
	Yes
	6 of 8 
	51.23
	+68.8
	+40.6
	+21.7
	+6.3


Similarly as 3GPP model 1 and configuration 1, for a fair UE cell edge and median comparison we consider a reference point for system loading that results in utilization of 50% of resources for the case where cell bias is 6 dB and interference cancellation receiver is utilized. As it can be seen from the tables, larger bias values provide significant gain. More than 38% gain for UE cell edge performance is achieved when bias is increased from 6 dB to 12 dB when IC is employed. The gain is close to 30% when median UE performance is considered. 

Table 7
 shows cell edge and Table 8 shows median performance comparisons. As it can be seen from the table, larger bias values provide significant gain. 

As it can be seen from the tables, larger bias values provide significant gain. More than 38% gain for UE cell edge performance is achieved when bias is increased from 6 dB to 12 dB when IC is employed. The gain is close to 30% when median UE performance is considered. 

Table 7: UE cell edge performance for heavy system loading, 3GPP model 1, configuration 4b.

	Bias 
	IC 
	ABS at macro 
	UE 5% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	2.06
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	3.35
	N/A
	+62.6
	-
	-

	9dB 
	Yes
	6 of 8 
	4.21
	N/A
	+104.4
	+25.6
	-

	12dB 
	Yes
	6 of 8 
	4.65
	N/A
	+125.7
	+38.8
	+10.4


Table 8: Median UE performance for heavy system loading, 3GPP model 1, configuration 4b.

	Bias 
	IC 
	ABS at macro 
	UE 50% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	7.25
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	10.89
	N/A
	+50.2
	-
	-

	9dB 
	Yes
	6 of 8 
	13.16
	N/A
	+81.5
	+20.8
	-

	12dB 
	Yes
	6 of 8 
	14.13
	N/A
	+94.9
	+29.7
	+7.4


Another way to compare system performance would be to look at system throughput gain for a given UE cell edge performance comparisons among different bias values for a given UE cell edge throughputs as given in Table 9. Similarly as for 3GPP model 1, configuration 1 for a reference UE cell performance we consider performance at 50% utilization 6 dB bias and interference cancellation receiver. 
As it can be seen from the table, for the reference UE cell edge performance, 12 dB bias can provide 30% gain over 6 dB and 10% over 9 dB bias values, respectively. 
Table 9: System throughput for the same UE cell edge performance, 3GPP model 1, configuration 4b.
	Bias 
	IC 
	ABS at macro 
	UE 5%
[Mbps] 
	System Throughput [Mbps]
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	3.35
	24.76
	- 
	-
	 - 
	-

	6dB 
	No 
	4 of 8 
	3.35
	20.7
	-16.4
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	3.35
	42.10
	+70.0
	+103.4
	-
	-

	9dB 
	Yes
	6 of 8 
	3.35
	49.70
	+100.7
	+140.1
	+18.0
	-

	12dB 
	Yes
	6 of 8 
	3.35
	54.88
	+121.6
	+165.1
	+30.3
	+10.4


3.3    ITU model, configuration 1 

In Figure 3 we show macro area cell throughput (macro + 4 picos) as a function of resource utilization. As it can be seen from the figure, larger bias values allow for larger system throughputs for the same utilization values. 
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Figure 3: Served cell (macro area) throughput as a function of resource utilization for ITU model, configuration 1.
Typical utilization value considered for practical network deployments is 50% of resources In As it can be seen from the table, larger bias values provide significant gain. For 6 dB bias value, IC alone can provide more than 55% gain and 12 dB bias further improve the performance of the system by another 17%.

Table 10
, we summarize system performance gain at the 50% utilization point.  As it can be seen from the table, larger bias values provide significant gain. 

As it can be seen from the table, larger bias values provide significant gain. For 6 dB bias value, IC alone can provide more than 55% gain and 12 dB bias further improve the performance of the system by another 17%.

Table 10: System throughput at 50% resource utilization, ITU model, configuration 1
	Bias 
	IC 
	ABS at macro 
	System Throughput [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	37.38
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	41.74
	+11.6
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	65.65
	+75.6
	+57.2
	-
	-

	9dB 
	Yes
	6 of 8 
	71.65
	+91.6
	+71.6
	+9.1
	-

	12dB 
	Yes
	6 of 8 
	76.88
	+105.6
	+84.1
	+17.1
	+7.3


Similarly as 3GPP model 1 and configuration 1, for a fair UE cell edge and median comparison we consider a reference point for system loading that results in utilization of 50% of resources for the case where cell bias is 6 dB and interference cancellation receiver is utilized.  Table 11 shows cell edge and Table 12 shows median performance comparisons. As it can be seen from the table, larger bias values provide significant gain. 

As it can be seen from the tables, larger bias values provide significant gain. More than 75% gain for UE cell edge performance is achieved when bias is increased from 6 dB to 12 dB when IC is employed. The gain is close to 50% when median UE performance is considered. 
Table 11: UE cell edge performance for heavy system loading,  ITU model, configuration 1.

	Bias 
	IC 
	ABS at macro 
	UE 5% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	-
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	4.49
	N/A
	N/A
	-
	-

	9dB 
	Yes
	6 of 8 
	6.31
	N/A
	N/A
	+40.5
	-

	12dB 
	Yes
	6 of 8 
	8.0
	N/A
	N/A
	+78.2
	+26.8


Table 12: Median UE performance for heavy system loading, ITU model, configuration 1.

	Bias 
	IC 
	ABS at macro 
	UE 50% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	-
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	19.82
	N/A
	N/A
	-
	-

	9dB 
	Yes
	6 of 8 
	24.96
	N/A
	N/A
	+25.9
	-

	12dB 
	Yes
	6 of 8 
	29.35
	N/A
	N/A
	+48.1
	+17.6


Another way to compare system performance would be to look at system throughput gain for a given UE cell edge performance comparisons among different bias values for a given UE cell edge throughputs as given in Table 13.  Similarly as for 3GPP model 1, configuration 1 for a reference UE cell performance we consider performance at 50% utilization 6 dB bias and interference cancellation receiver.
As it can be seen from the table, for the reference UE cell edge performance, 12 dB bias can provide 16% gain over 6 dB and close to 5% over 9 dB bias values, respectively.
Table 13: System throughput for the same UE cell edge performance, ITU model, configuration 1
	Bias 
	IC 
	ABS at macro 
	UE cell edge [Mbps] 
	System Throughput [Mbps]
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	4.49
	34.08
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	4.49
	26.21
	-23.0
	-
	-
	-

	6dB 
	Yes
	6 of 8 
	4.49
	65.65
	+92.6
	+150.4
	-
	-

	9dB 
	Yes
	6 of 8 
	4.49
	72.84
	+113.7
	+177.9
	+10.9
	-

	12dB 
	Yes
	6 of 8 
	4.49
	76.29
	+123.8
	+191.0
	+16.2
	+4.7


3.4    ITU model, configuration 4b 

In Figure 4 we show macro area cell throughput (macro + 4 picos) as a function of resource utilization. As it can be seen from the figure, larger bias values allow for larger system throughputs for the same utilization values. 
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Figure 4: Served cell (macro area) throughput as a function of resource utilization for ITU model, configuration 4b.
In Table 14, we summarize system performance gain at the 50% utilization point.  As it can be seen from the table, larger bias values provide significant gain. 

As it can be seen from the table, larger bias values provide significant gain. For 6 dB bias value, IC alone can provide more than 15% gain and 12 dB bias further improve the performance of the system by more than 9%.

Table 14: System throughput at 50% resource utilization, ITU model, configuration 4b.
	Bias 
	IC 
	ABS at macro 
	System Throughput [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB
	No
	N/A
	51.93
	-
	-
	-
	-

	6dB
	No
	6 of 8
	65.25
	+25.6
	-
	-
	-

	6dB
	Yes
	6 of 8
	84.08
	+61.9

	+28.8

	-
	-

	9dB
	Yes
	6 of 8
	96.87
	+86.5

	+48.4

	+15.2

	-

	12dB
	Yes
	6 of 8
	106.19
	+104.4

	+62.7

	+26.3


	+9.6



Similarly as 3GPP model 1 and configuration 1, for a fair UE cell edge and median comparison we consider a reference point for system loading that results in utilization of 50% of resources for the case where cell bias is 6 dB and interference cancellation receiver is utilized. As it can be seen from the tables, larger bias values provide significant gain. More than 31% gain for UE cell edge performance is achieved when bias is increased from 6 dB to 12 dB when IC is employed. The gain is close to 9% when median UE performance is considered. 

Table 15
 shows cell edge and Table 16 shows median performance comparisons. As it can be seen from the table, larger bias values provide significant gain. 

As it can be seen from the tables, larger bias values provide significant gain. More than 31% gain for UE cell edge performance is achieved when bias is increased from 6 dB to 12 dB when IC is employed. The gain is close to 9% when median UE performance is considered. 

Table 15: UE cell edge performance for heavy system loading, ITU model 1, configuration 4b.

	Bias 
	IC 
	ABS at macro 
	UE 5% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	-
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	5.14
	N/A
	N/A
	-
	-

	9dB 
	Yes
	6 of 8 
	6.19


	N/A
	N/A
	+20.4
	-

	12dB 
	Yes
	6 of 8 
	6.77


	N/A
	N/A
	+31.7
	+9.4


Table 16: Median UE performance for heavy system loading, ITU model, configuration 4b.

	Bias 
	IC 
	ABS at macro 
	UE 50% [Mbps] 
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	-
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	-
	N/A
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	18.6


	N/A
	N/A
	-
	-

	9dB 
	Yes
	6 of 8 
	19.85


	N/A
	N/A
	+6.7
	-

	12dB 
	Yes
	6 of 8 
	20.25
	N/A
	N/A
	+8.9
	+2.0


Another way to compare system performance would be to look at system throughput gain for a given UE cell edge performance comparisons among different bias values for a given UE cell edge throughputs as given in Table 17. Similarly as for 3GPP model 1, configuration 1 for a reference UE cell performance we consider performance at 50% utilization 6 dB bias and interference cancellation receiver.
As it can be seen from the table, for the reference UE cell edge performance, 12 dB bias can provide 30% gain over 6 dB and more than 5% over 9 dB bias values, respectively.
Table 17: System throughput for the same UE cell edge performance, ITU model, configuration 4b
	Bias 
	IC 
	ABS at macro 
	UE 5% [Mbps] 
	System Throughput [Mbps]
	Gain(%) wrt 0 dB bias no IC
	Gain(%) wrt 6 dB bias no IC 
	Gain(%) wrt 6 dB bias with IC
	Gain(%) wrt 9 dB bias with IC

	0dB 
	No 
	N/A 
	5.14
	48.23
	- 
	-
	 - 
	-

	6dB 
	No 
	6 of 8 
	5.14
	18.83
	-61.0
	-
	- 
	-

	6dB 
	Yes
	6 of 8 
	5.14
	73.01
	+51.4
	+287.7
	-
	-

	9dB 
	Yes
	6 of 8 
	5.14
	91.65
	+90.0
	+386.7
	+25.5
	-

	12dB 
	Yes
	6 of 8 
	5.14
	95.0
	+96.9
	+404.5
	+30.1
	+5.5


4 
Conclusions

In this contribution, we evaluated system performance of feICIC based on the evaluation methodology given in [1] for the reduced power ABS [3]. Based on the simulations results, similarly as it was the case for zero power ABS [4], we conclude that CRS cancellation is necessary to extract significant performance gains that feICIC can offer, regardless of the selected handover bias value (6 dB to 12 dB). 12 dB bias can offer significant performance gains over lower bias values (6 dB or 9 dB) for all scenarios of interest. 
Proposal 1: UE requirements for DL control/data detection, UE measurements and reporting and PCI detection for receiver based techniques need to be defined according to WID (colliding and non-colliding CRS cases) accounting for 12 dB bias and interference cancellation from 2 dominant interferers.
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Appendix 

A.1   Modeling of residual interference after CRS cancellation 

Table 18 shows the cancellation factors. The results were obtained using a single cell simulation setup with additive Gaussian noise, by logging what percentage of the CRS power received from the cell is cancelled by CRS IC and what percentage remains after cancellation. 
Table 18: CRS interference cancellation factors (fraction of interference removed by cancellation) after MMSE weighting.

	SNR (dB)
	-16
	-12
	-10
	-6
	0
	2
	8
	12
	16
	20
	28

	Cancellation factor (linear)
	0
	0.206
	0.369
	0.602
	0.842
	0.874
	0.968
	0.984
	0.990
	0.990
	0.990


More specifically, we define:
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: received signal vector on CRS tones for a given subframe 
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: channel gain vector on CRS tones for a given subframe
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: additive noise vector on CRS tones for a given subframe

Let the channel estimation vector be 
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h

. Then, the CRS IC factors for cancellation before MMSE weighting are defined as:
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where the expectation is taken over subframes. Therefore, the CRS IC factor before MMSE weighting represents a factor by which the received power on CRS tones from the target cell would be reduced if estimated CRS value were utilized for CRS IC. In our simulations, we assume that MMSE weighting is applied to the estimated channel prior to cancellation in order to compute actual value used for cancellation. The corresponding CRS IC factor after MMSE weighting is shown in Table 18. The impact of MMSE weighting is only noticeable in the low SNR region, below 0 dB.
In order to clarify the cancellation factors consider an example where SNR is equal to 4dB. In this case, the corresponding cancellation factor is equal to 0.08 in linear scale. Therefore, applying CRS IC on an interferer with 4dB SNR will cancel 92% of the received CRS power from the interfering cell, thus leaving 8% of its received CRS power from the interfering cell. The link simulations accounts for 1 ms CRS filtering for channel estimation purposes. Cancellation factors can be improved if the filtering window is extended beyond 1 ms, which would be suitable for low to medium speed UEs. 
A.2 Modeling of CRS interference for colliding CRS case

In order to model impact of colliding CRS, we simulated link performance where interference on CRS REs is larger by a configured offset. Summary of the simulation results are given in Table 19. In the system simulations we use the values that correspond to estimated Nt column and use piece wise linear approximation to account for values in between simulated points. 
Table 19: Channel and interference estimation losses for 2x2 MIMO and RS SNR offset.

	MCS
	Geometry (dB)
	Effective SNR (dB) at 10% FER

	
	
	

	
	NT estimation
	Perfect
channel estimation
	Perfect Nt estimation
	Estimated  Nt

	
	Offset (dB)
	-
	0
	5
	10
	15
	20
	0
	5
	10
	15
	20

	0
(4tx)
	-7.0
	-11.4
	-7.8
	-5.0
	-2.5
	 
	 
	-7.7
	-5.6
	-3.1
	0.8
	4.4

	0
(2tx)
	-4.5
	-8.4
	-6.0
	-3.9
	-1.0
	3.3
	9.2
	-5.8
	-4.1
	-1.3
	2.3
	6.1

	0
	-2.0
	-5.5
	-3.8
	-1.9
	0.9
	5.0
	10.4
	-3.6
	-2.0
	1.0
	4.8
	8.9

	2
	2.0
	-3.5
	-2.2
	-0.6
	2.1
	6.4
	11.8
	-2.1
	-0.6
	2.6
	6.5
	10.8

	5
	4.0
	-0.4
	0.4
	1.9
	4.7
	9.3
	14.1
	0.6
	2.1
	5.4
	9.6
	14.0

	7
	5.5
	1.7
	2.4
	3.9
	6.7
	11.5
	15.9
	2.7
	4.1
	7.7
	11.9
	15.9

	11
	11.0
	4.2
	4.9
	6.1
	8.9
	13.4
	16.8
	4.9
	6.8
	10.6
	14.4
	18.8

	14
	16.0
	7.1
	8.2
	9.6
	12.4
	16.0
	19.0
	8.1
	10.0
	13.4
	16.4
	19.5

	17
	20.5
	9.5
	10.3
	12.0
	14.5
	17.5
	20.1
	10.6
	12.8
	15.9
	18.5
	22.1

	19
	19.5
	11.3
	12.8
	13.9
	16.0
	18.7
	20.4
	12.7
	14.2
	16.8
	19.4
	22.4

	23
	25.5
	15.9
	18.3
	20.5
	21.0
	21.0
	21.8
	17.6
	19.8
	20.2
	20.8
	21.3

	25
	33.5
	19.5
	23.3
	23.9
	24.1
	24.2
	24.6
	22.4
	22.8
	23.1
	22.9
	23.3

	27
	32.0
	22.8
	24.8
	24.5
	26.5
	26.5
	26.5
	23.8
	23.6
	24.9
	25.0
	26.1


A.3    Detailed system simulations results 

A3.1    3GPP model 1, configuration 1 

Table 20: UE and cell throughput summary for traffic models simulations and various bias values.

0dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	14
	51.28
	23.65
	21.02
	6.44
	0.2638

	16
	48.48
	20.83
	17.47
	5.26
	0.3185

	18
	46.11
	19.13
	15.63
	4.06
	0.35175

	20
	43.84
	16.76
	12.92
	3.2
	0.3904

	24
	36.7
	11.1
	7.36
	1.81
	0.49965

	25
	32.19
	9.89
	6.19
	1.54
	0.5219

	26.42
	26.76
	7.78
	4.41
	1.29
	0.546


 6dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	12.92
	48.05
	20.87
	18.2
	5.57
	0.2309

	17.08
	44.32
	18.4
	15.14
	4.82
	0.34325

	20.64
	41.78
	16.85
	13.94
	4.37
	0.3771

	22.8
	36.45
	13.76
	10.17
	2.88
	0.4746

	29.94
	28.47
	9.1
	5.67
	1.54
	0.5839


6dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	19.65
	61.54
	30.01
	27.68
	8.15
	0.26025

	21.52
	55.36
	25.58
	22.38
	6.6
	0.31165

	23.74
	51.61
	23.14
	20.18
	5.52
	0.3583

	27.93
	42.55
	17.34
	14.07
	3.8
	0.45325

	30.67
	38.55
	14.5
	11.28
	3.03
	0.518

	32.67
	32.32
	11.6
	7.98
	1.73
	0.5583


9dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	19.27
	61.07
	30.41
	27.21
	8.3
	0.2438

	22.3
	57.97
	27.04
	23.85
	6.77
	0.28845

	25.35
	53.16
	23.23
	19.56
	5.05
	0.34645

	27.3
	50.16
	21.01
	17.06
	4.3
	0.3899

	32.3
	41.24
	23.02
	12.5
	2.9
	0.4992

	34.65
	36.95
	13.77
	10.54
	2.14
	0.52775

	37.88
	32.52
	11.28
	7.66
	1.7
	0.5957


12dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	20.6
	61.54
	29.87
	26.27
	8.18
	0.2266

	23.74
	57.97
	26.67
	22.82
	6.62
	0.28205

	27.04
	53.33
	22.47
	18.31
	4.95
	0.35175

	32.4
	45.71
	17.91
	13.75
	3.81
	0.4459

	35.65
	41.88
	15.23
	11.03
	2.78
	0.5057

	41.92
	31.5
	11.05
	7.8
	2.07
	0.62725

	45.26
	28.83
	9.37
	6.39
	1.45
	0.6821
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Figure 5: Served cell throughput and edge UE throughput for 3GPP model 1, configuration 1.
A. 3.2    3GPP model 1, configuration 4b 

Table 21: UE and cell throughput summary for traffic models simulations and various bias values. 
0dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	19.77
	39.7
	16.4
	13.26
	4.31
	0.3076

	26.89
	29.74
	12.34
	9.94
	2.94
	0.4438

	30.49
	26.67
	10.52
	8.47
	2.13
	0.5024

	33.25
	24.81
	9.16
	6.73
	1.82
	0.5567


6dB bias, no IC

	 Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	16.05
	44.57
	18.11
	14.55
	4.88
	0.21385

	19.97
	40.92
	16.19
	12.98
	4.37
	0.2658

	27.19
	33.83
	13.64
	10.77
	3.47
	0.391

	34.72
	29.63
	11.64
	9.14
	2.78
	0.50905

	37.68
	28.27
	10.54
	7.97
	2.33
	0.55045


6dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	20.4
	62.26
	31.01
	27.73
	10.7
	0.16345

	28.7
	49.08
	21.86
	18.74
	6.55
	0.2765

	35.7
	38
	16.42
	13.75
	4.37
	0.405

	46.5
	25.89
	10.92
	8.92
	2.65
	0.56545

	49.46
	23.19
	9.86
	8.13
	2.3
	0.60385

	53.04
	22.13
	8.84
	6.96
	1.91
	0.6461


9dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	27.49
	56.94
	24.49
	20.54
	7.77
	0.2266

	36.6
	43.48
	18.36
	15.63
	5.06
	0.33665

	43.36
	35.87
	15.2
	12.6
	4.02
	0.4323

	53.1
	27.78
	11.64
	9.37
	2.99
	0.5694

	58.1
	24.73
	10.04
	8.07
	2.33
	0.63775

	65.12
	19.98
	8.08
	6.23
	1.74
	0.73155

	67.42
	19.61
	7.73
	5.86
	1.67
	0.75075


12dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	28.4
	52.81
	23.79
	21.14
	7.53
	0.2163

	36.06
	44.08
	19.34
	16.9
	5.91
	0.30275

	43.27
	39.41
	16.27
	13.59
	4.4
	0.3979

	50.1
	31.75
	13.63
	10.99
	3.86
	0.48445

	59.94
	25.93
	10.99
	8.7
	2.81
	0.62

	64.94
	24.96
	9.91
	7.83
	2.27
	0.6761

	68.05
	21.39
	8.72
	6.77
	1.88
	0.7109
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Figure 6: Served cell throughput and edge UE throughput for 3GPP model 1, configuration 4b.
A. 3.3    ITU model, configuration 1 

Table 22: UE and cell throughput summary for traffic models simulations and various bias values.
0dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	19.68
	65.57
	31.54
	27.73
	8.26
	0.2214

	27.2
	64.52
	29.1
	24.35
	6.49
	0.339

	36
	56.74
	22.67
	17.09
	3.93
	0.4772

	42.95
	54.24
	18.61
	12.49
	2.66
	0.5919

	49.04
	51.28
	16.21
	10.48
	1.87
	0.6559


6dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	24.03
	64.52
	27.81
	23.53
	4.71
	0.25825

	37.02
	59.04
	23.56
	19.39
	3.4
	0.4182

	43.48
	55.36
	20.13
	15.86
	2.66
	0.5302

	52.23
	49.69
	16.49
	11.74
	2
	0.64955

	53.64
	49.38
	16.17
	11.32
	2.01
	0.6586

	57.75
	43.13
	14.63
	10.2
	1.84
	0.7049

	58.33
	42.11
	14.32
	9.98
	1.5
	0.71765


6dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	23.38
	73.06
	57.89
	64.78
	27.4
	0.09155

	38.08
	73.06
	48.75
	50
	16.29
	0.17915

	59.04
	70.8
	32.09
	27.63
	6.91
	0.3923

	68
	60.61
	22.26
	17.04
	3.63
	0.53825

	73.08
	52.81
	18.05
	13.71
	2.29
	0.6419

	78.88
	42.44
	13.38
	9.43
	1.62
	0.7317


9dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	22.85
	73.06
	59.07
	66.39
	28.37
	0.07855

	39.94
	73.06
	49.56
	51.45
	17.84
	0.1645

	60
	71.43
	33.44
	29.25
	7.39
	0.35375

	66.31
	67.8
	29.03
	24.46
	6.18
	0.4272

	75.47
	58.61
	21.98
	17.15
	3.81
	0.5521

	82.06
	44.57
	15.21
	11.07
	2.14
	0.6715

	84.66
	40.51
	13.51
	10.01
	1.79
	0.7342


12dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	22.63
	73.06
	59.41
	67.8
	28.62
	0.07005

	39.92
	73.06
	50.88
	53.87
	18.67
	0.15185

	60
	72.4
	38.07
	35.48
	10.22
	0.28525

	68.8
	68.67
	30.15
	25.93
	6.77
	0.39695

	75.84
	61.07
	24.15
	19.3
	4.63
	0.4817

	82.6
	48.93
	17.69
	13.45
	2.54
	0.60025

	86.51
	43.01
	15.36
	11.4
	2.29
	0.6445
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Figure 7: Served cell throughput and edge UE throughput for ITU model, configuration 1.
A. 3.4    ITU model, configuration 4b 

Table 23: UE and cell throughput summary for traffic models simulations and various bias values.
0dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	28.32
	66.39
	28.29
	23.43
	7.75
	0.24215

	34.96
	63.49
	25.7
	20.75
	6.96
	0.315

	45.46
	56.54
	21.98
	17.19
	5.55
	0.42235

	50.32
	55.36
	20.6
	16.03
	4.83
	0.4843

	67.42
	43.84
	15.84
	12.02
	2.7
	0.65095

	71.25
	42.33
	15.31
	11.63
	2.24
	0.6938


6dB bias, no IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	27.46
	62.26
	25.24
	20.94
	4.8
	0.1882

	44.72
	53.33
	21.57
	18.43
	4.12
	0.31115

	50.03
	51.28
	20.33
	16.81
	3.9
	0.3603

	59.77
	45.58
	18.36
	14.71
	3.25
	0.4499

	73.11
	38.83
	15.4
	12.25
	2.53
	0.5718

	75.85
	38.46
	14.9
	12
	2.33
	0.62


6dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	24.9
	73.06
	47.65
	48.34
	16.77
	0.0822

	40.13
	72.73
	38.24
	33.76
	14.47
	0.1523

	59.2
	70.18
	30.49
	25.52
	10.2
	0.27315

	83.46
	54.24
	22.21
	18.82
	5.21
	0.4636

	90.09
	48.19
	19.95
	16.51
	4.49
	0.5235

	103.52
	48.19
	14.92
	11.95
	2.38
	0.66555


9dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	24.25
	73.06
	48.28
	50
	17.7
	0.069

	39.95
	72.73
	39.88
	35.09
	14.75
	0.1293

	59.58
	71.43
	32.4
	27.4
	11.3
	0.22905

	79.9
	62.02
	25.28
	20.97
	6.78
	0.3652

	106.13
	43.84
	17.35
	14
	3.12
	0.5736

	111.08
	40.2
	15.6
	12.51
	2.36
	0.61415

	116.5
	36.28
	14.24
	11.37
	1.85
	0.66485


12dB bias, IC
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 
	Average Utilization

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	 

	24.38
	73.06
	48.14
	48.05
	17.94
	0.06755

	39.1
	73.06
	39.78
	34.78
	14.94
	0.1176

	59.02
	72.07
	31.84
	26.67
	11.2
	0.2105

	83.6
	63.49
	25.34
	20.38
	6.84
	0.34225

	112.79
	43.48
	16.41
	12.85
	2.51
	0.54605

	115.09
	41.67
	15.89
	12.2
	2.28
	0.5629
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Figure 8: Served cell throughput and edge UE throughput for ITU model, configuration 4b.
A.4    Sensitivity to partition 

A4.1    3GPP model 1, configuration 1 
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Figure 9: Served cell throughput and edge UE throughput for 3GPP model 1, configuration 1.
A4.2    3GPP model 1, configuration 4b 
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Figure 10: Served cell throughput and edge UE throughput for 3GPP model 1, configuration 4b.
A4.3    ITU model, configuration 1 
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Figure 11: Served cell throughput and edge UE throughput for ITU model, configuration 1

A4.4    ITU model, configuration 4b
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Figure 12: Served cell throughput and edge UE throughput for ITU model, configuration 4b
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