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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]. Based on the simulation results and observed gains we propose to define UE performance requirements for large bias values.
[bookmark: _Ref305442835]2	Simulations assumptions
We evaluate system performance for the simulations evaluation methodology given in [1]. Static resource partitioning algorithm is utilized for the full buffer simulation where all macro cells utilize the same ABS pattern. ABS patterns are optimized for each bias value. 
Traffic model simulation considers adaptive partitioning algorithm. The configuration of ABS is based on the measurements of the PRB usage at the pico eNB on the subframes that correspond to ABSs of the dominant macro eNB [2]. The algorithm attempts of equalize PRB usage between the macro eNB on non-ABS subframes and pico eNB subframes corresponding to the dominant macro eNB ABS subframes and utilized by the UEs in cell range expansion area. In case both macro eNB and pico eNBs on ABS of dominant macro are fully utilized, the algorithm falls back to the ABS pattern utilized in the full buffer simulations. 2 CSI reports from the UE are simulated. In order to optimize performance under traffic models, 8 outer loops (one per subframe) are simulated at the eNB in order to compensate for potentially different ABS patterns among neighboring macro eNBs.
The statistics for traffic model simulations are 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. As pointed out in the summary tables below, when the offered load increases, the user data rate decreases. The served throughput increases up to a certain point where it starts to saturate due to the cell capacity limitations. Beyond this point (denoted as “stability” in the tables), the served throughput in the system cannot sustain the offered load and it becomes unstable. 
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 interference cancellation 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 18 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. The baseline simulations assume that CRSs from up to 3 cells are cancelled.
3	Simulations results
We evaluate full buffer and traffic model scenarios for all configurations listed in [2]. Sensitivity analysis with respect to the number of cancelled cells including perfect CRS cancellation is performed on a selected set of cases (see 3GPP model 1 results).
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).
[bookmark: _Ref305440364]Table 1: Association statistics for 3GPP model 1 and ITU model 
	Model 
	Configuration 
	0dB 
	6dB 
	12dB 
	18dB 

	3GPP 
	1 
	19% 
	34% 
	53% 
	67% 

	3GPP 
	4b 
	38% 
	57% 
	72% 
	83% 

	ITU 
	1 
	55% 
	71% 
	81% 
	84% 

	ITU 
	4b 
	71% 
	84% 
	90%
	92%


3.1 3GPP model 1, configuration 1 
In Table 2, we summarize performance for the full buffer scenario. As it can be seen from the table, larger bias values provide significant gain for the metric of interest (edge and median performance points). In terms of median UE experience 18 dB bias exhibits best performances. 
[bookmark: _Ref305441702]Table 2: Full buffer, 3GPP model 1, configuration 1
	Bias 
	IC model 
	ABS at macro 
	Edge 
	Edge gain(%) 
	Median 
	Median Gain(%) 
	Mean 
	Mean gain(%) 

	0dB 
	No IC 
	N/A 
	0.46
	- 
	1.18
	 - 
	2.95
	- 

	6dB 
	No IC 
	2 of 8 
	0.48
	+4.3% 
	1.29
	+9.3% 
	2.75
	-6.8% 

	6dB 
	realistic 
	2 of 8 
	0.50 
	+8.7% 
	1.42
	+20.3% 
	3.08
	+4.4% 

	12dB 
	realistic 
	3 of 8 
	0.62
	+34.7% 
	1.77
	+50.0% 
	3.04
	+3.1% 

	18dB 
	realistic 
	4 of 8 
	0.61
	+32.6% 
	1.92
	+62.7% 
	2.95
	0% 



We conduct the sensitivity analysis with respect to the number of cancelled cells and interference cancellation accuracy and summarize the findings in Table 3. As it can be seen from the table, cancelling 2 dominant interferes seems to provide good performance/complexity tradeoff.   
[bookmark: _Ref305442095]Table 3: Full buffer, 3GPP model 1, configuration 1,  sensitivity to the number of cancelled cells.
	Bias 
	# of IC cells 
	ABS at macro 
	Edge 
	Edge gain(%) 
	Median 
	Median Gain(%) 
	Mean 
	Mean gain(%) 

	0dB 
	No IC 
	N/A 
	0.46 
	-  
	1.18 
	 - 
	2.95 
	-  

	12dB 
	1 
	3 of 8 
	0.6
	+30.4%
	1.69
	+43.2
	2.95
	0

	12dB 
	2 
	3 of 8 
	0.61
	+32.6%
	1.76
	+49.2
	3.02
	+2.4%

	12dB 
	3 
	3 of 8 
	0.62
	+34.8%
	1.77
	+50.0
	3.04
	+3.1%

	12dB 
	full IC 
	3 of 8 
	0.65
	+41.3%
	1.83
	+55.1
	3.17
	+7.5%

	18dB 
	1 
	4 of 8 
	0.56
	+21.7%
	1.81
	+53.4
	2.78
	-5.8%

	18dB 
	2 
	4 of 8 
	0.61
	+32.6%
	1.9
	+61.0
	2.91
	-1.4%

	18dB 
	3 
	4 of 8 
	0.61
	+32.6%
	1.92
	+62.7
	2.95
	0

	18dB 
	full IC 
	4 of 8 
	0.65
	+41.3%
	2.02
	+71.2
	3.09
	+4.7%


In Table 4 and Figure 1 we illustrate system performance under traffic models assumptions. The stability point is determined as described in Section 2.  It is more than clear from the results in Figure 1 that CRS interference cancellation is necessary to realize meaningful gains with eICIC. When comparing maximum sustainable cell throughputs with 6 dB bias and no CRS IC (~25 Mbps) and 18 dB bias with CRS IC (~39 Mbps), 56% improvement can be achieved when CRS IC is employed. CRS IC allows the network to configure larger bias and improves decoding C/I and hence increase the throughput. Comparing the performance at cell edge throughput of 1.6Mbps we observe that 6dB bias without CRS-IC provides no gain compared to 0dB bias (~ 25Mbps cell throughput). The cell throughput with 6dB bias and CRS-IC is ~29Mbps, resulting in  16% gain. For 12dB and 18dB bias the cell throughputs are 32.1Mbps and 35.5Mbps, yielding gains of  28% and 42% respectively. Hence, 18dB bias provides additional gain of 21% over 6dB bias and 11% over 12dB bias.
[bookmark: _Ref305442698]Table 4: UE and cell throughput summary for traffic models simulations and various bias values.
	0dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	20
	43.84
	16.76
	12.92
	3.2

	24
	24
	36.7
	11.1
	7.36
	1.81

	26
	25
	32.19
	9.89
	6.19
	1.54

	30
	26.42
	26.76
	7.78
	4.41
	1.29

	Stability
	25.09
	32.09
	9.66
	6.05
	1.56






	6dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	20
	33.9
	12.27
	9.23
	2.06

	24
	22.7
	33.61
	11.01
	7.85
	1.79

	26
	25.3
	28.22
	8.75
	5.15
	1.56

	30
	27.69
	27.07
	7.29
	3.73
	1.1

	Stability
	26.4
	27.69
	8.08
	4.5
	1.35



	6dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	19.99
	46.92
	19.5
	16.03
	4.95

	24
	23.99
	35.56
	14.45
	11.34
	3.12

	26
	25.17
	33.68
	12.91
	9.76
	2.57

	28
	26.68
	32
	11.65
	8.25
	2.21

	30
	28.76
	29.8
	9.76
	6.3
	1.57

	32
	29.53
	30.19
	9.37
	5.39
	1.45

	Stability
	28.95
	29.89
	9.67
	6.08
	1.54



	12dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	24
	24
	40.1
	15.61
	12.51
	2.98

	32
	32
	27.63
	9.66
	6.88
	1.62

	36
	33.44
	28.78
	9
	5.71
	1.41

	Stability
	33.01
	28.44
	9.2
	6.06
	1.47



	18dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	27.91
	36.36
	13.4
	10.08
	2.51

	36
	35.88
	28.88
	10.03
	7.36
	1.55

	44
	40.66
	24.32
	7.99
	5.42
	1.05

	Stability
	38.95
	25.95
	8.72
	6.11
	1.23




[bookmark: _Ref305442713][bookmark: _Ref305442705]Figure 1: Served cell throughput and edge UE throughput for 3GPP model 1, configuration 1.
3.2 3GPP model 1, configuration 4b 
In Table 5, we summarize performance for the full buffer scenario. As it can be seen from the table, larger bias values provide significant gain for the metric of interest (edge and median performance points). In terms of median UE experience 18 dB bias exhibits best performances. 
[bookmark: _Ref305444186]Table 5: Full buffer, 3GPP model 1, configuration 4b
	Bias 
	IC model 
	ABS at macro 
	Edge 
	Edge gain(%) 
	Median 
	Median Gain(%) 
	Mean 
	Mean gain(%) 

	0dB 
	No IC 
	N/A 
	0.51
	 -
	1.67
	 -
	3.28
	 

	6dB 
	No IC 
	2 of 8 
	0.60 
	+17.6% 
	1.97 
	+18.0% 
	3.11
	-5.2% 

	6dB 
	realistic 
	2 of 8 
	0.67 
	+31.4% 
	2.19 
	+31.1% 
	3.47 
	+5.8% 

	12dB 
	realistic 
	4 of 8 
	0.83
	+62.7% 
	2.68
	+60.5% 
	3.59 
	+9.5% 

	18dB 
	realistic 
	4 of 8 
	0.82
	+60.8% 
	2.79
	+67.1% 
	3.48
	+6.1% 


In Table 6 and Figure 2 we illustrate system performance under traffic models assumptions. The stability point is determined as described in Section 2. It is clear from the results that CRS IC and larger bias can offer significant performance advantage.  The cell throughout can be more than doubled for when CRS IC is utilized. Comparing the performance with CRS IC for 6 dB and 18 dB bias values at the stability point,  we observe that about 25% gain can be achieved with the 18 dB bias compared to 6 dB bias (~58 Mbps vs ~46.4 Mbps). 
[bookmark: _Ref305444338]Table 6: UE and cell throughput summary for traffic models simulations and various bias values.
	0dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	19.77
	39.7
	16.4
	13.26
	4.31

	28
	26.89
	29.74
	12.34
	9.94
	2.94

	30
	29.63
	28.07
	11.01
	8.7
	2.64

	32
	30.49
	26.67
	10.52
	8.47
	2.13

	36
	33.25
	24.81
	9.16
	6.73
	1.82

	Stability
	30.75
	26.49
	10.39
	8.3
	2.1



	6dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	19.36
	31.56
	13.24
	10.59
	3.07

	28
	27.45
	25.52
	10
	7.57
	2.19

	32
	31.74
	25.64
	8.94
	6.31
	1.69

	36
	35.08
	24.69
	7.82
	5.03
	1.38

	40
	38.1
	23.22
	7.76
	5.13
	1.28

	Stability
	38.44
	23.05
	7.75
	5.14
	1.27



	6dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	28
	41.56
	16.43
	13.39
	3.96

	36
	37.05
	31.25
	12.06
	9.47
	2.69

	44
	43.19
	25.81
	9.58
	6.86
	2.05

	52
	48.36
	25.36
	9.27
	6.36
	1.88

	Stability
	46.36
	25.53
	9.39
	6.55
	1.95







	12dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	28
	42.78
	16.78
	12.96
	4.13

	36
	36
	31.81
	12.73
	9.79
	2.95

	44
	44
	28.37
	11.02
	8.2
	2.44

	52
	49.32
	25.04
	9.61
	7.19
	1.91

	56
	54.26
	25.04
	9.31
	6.8
	1.66

	60
	55.69
	23.29
	8.62
	6.1
	1.56

	Stability
	54.92
	24.23
	8.99
	6.47
	1.61



	18dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	27.66
	45.58
	19.22
	15.36
	5.35

	36
	36
	33.9
	14.62
	11.99
	3.55

	44
	43.59
	29.63
	12.68
	10.09
	2.82

	52
	50.7
	25.52
	10.8
	8.46
	2.5

	60
	57.36
	22.5
	9.29
	7.11
	2.03

	68
	62.17
	21
	8.27
	6.37
	1.48

	Stability
	58.05
	22.28
	9.14
	7
	1.95




[bookmark: _Ref305444351]Figure 2: Served cell throughput and edge UE throughput for 3GPP model 1, configuration 4b.
3.3 ITU model, configuration 1 
In Table 7, we summarize performance for the full buffer scenario. As it can be seen from the table, there appears to be some saturation in terms of system performance with bias values beyond 12 dB as performance for key indicators such as edge and median appears to be very similar. There is however clear improvement over 6 dB bias. 
[bookmark: _Ref305445193]Table 7: Full buffer, ITU model, configuration 1
	Bias 
	IC model 
	ABS at macro 
	Edge 
	Edge gain(%) 
	Median 
	Median Gain(%) 
	Mean 
	Mean gain(%) 

	0dB 
	No IC 
	N/A 
	0.67
	- 
	2.73
	- 
	4.39
	- 

	6dB 
	No IC 
	4 of 8 
	0.67
	0.0% 
	2.86
	+4.8% 
	4.46
	+1.6% 

	6dB 
	realistic 
	4 of 8 
	0.84
	+25.4% 
	3.59
	+31.5% 
	5.31
	+21.0% 

	12dB 
	realistic 
	4 of 8 
	1.00 
	+49.3% 
	3.93
	+44.0% 
	5.19
	+18.2% 

	18dB 
	realistic 
	4 of 8 
	1.00 
	+49.3% 
	3.96
	+45.1% 
	5.17
	+17.8% 


In Table 8 and Figure 3 we illustrate system performance under traffic models assumptions. The stability point is determined as described in Section 2. It is clear from the results that CRS IC and larger bias can offer significant performance advantage.  Without CRS IC, the performance of TDM partitioning can actually worse than without TDM partitioning. However, the cell throughout can be still be improved by 55% when CRS IC is utilized when compared to co-channel performance. Comparing the performance with CRS IC for 6 dB and 18 dB bias values for the same cell edge UE performance (~2 Mbps), we observe that about 7% gain can be achieved with the 18 dB bias compared to 6 dB bias (~73 Mbps vs ~68 Mbps). 
[bookmark: _Ref305445381]Table 8: UE and cell throughput summary for traffic models simulations and various bias values.
	0dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	19.68
	65.57
	31.54
	27.73
	8.26

	28
	27.2
	64.52
	29.1
	24.35
	6.49

	36
	36
	56.74
	22.67
	17.09
	3.93

	44
	42.95
	54.24
	18.61
	12.49
	2.66

	52
	49.04
	51.28
	16.21
	10.48
	1.87

	Stability
	47.77
	51.9
	16.71
	10.9
	2.04







	6dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	26.86
	59.7
	21.18
	15.46
	2.38

	32
	32
	55.56
	19.5
	13.64
	2.11

	36
	34.96
	56.14
	19.05
	12.94
	2.05

	44
	42.07
	52.46
	16.98
	11.46
	1.71

	48
	44.35
	50.31
	16.26
	10.75
	1.49

	Stability
	44.96
	50.96
	16.14
	10.86
	1.57



	6dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	28
	73.06
	43.1
	42.11
	12.51

	36
	36
	72.73
	36.16
	32.99
	8.68

	44
	43.39
	70.48
	31.63
	27.16
	7.33

	52
	51.61
	61.3
	24.43
	19.54
	4.34

	60
	58.67
	53.51
	19.43
	14.67
	3.11

	68
	65.62
	47.06
	16.58
	12.36
	2.48

	76
	71.18
	44.94
	14.43
	10.44
	1.85

	Stability
	68.56
	45.94
	15.44
	11.35
	2.15



	12dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	28
	72.73
	43.6
	42.67
	13.69

	36
	36
	72.73
	40.42
	38.19
	11.62

	44
	44
	71.75
	34.51
	30.59
	8.94

	52
	51.16
	66.95
	28.99
	24.02
	6.45

	60
	56.94
	63.49
	25.65
	20.73
	4.83

	68
	67.83
	50.47
	17.54
	13.58
	2.93

	76
	71.04
	43.24
	15.59
	12.19
	2.41

	Stability
	71.47
	42.27
	15.33
	12
	2.34








	18dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	26.69
	73.06
	46.34
	45.98
	14.81

	36
	36
	72.73
	41.3
	39.7
	12.16

	44
	43.14
	72.4
	37.24
	33.9
	10.86

	52
	51.63
	68.38
	29.77
	24.69
	6.82

	60
	59.23
	61.78
	23.79
	19.16
	4.72

	68
	68
	49.69
	17.89
	13.93
	2.9

	76
	72.65
	40.3
	14.74
	11.33
	2.1

	Stability
	73.27
	39.04
	14.32
	10.98
	1.99





[bookmark: _Ref305445394]Figure 3: Served cell throughput and edge UE throughput for ITU model, configuration 1. 
3.4 ITU model, configuration 4b 
In Table 9, we summarize performance for the full buffer scenario. As it can be seen from the table, there appears to be some saturation in terms of system performance with bias values beyond 12 dB as performance for key indicators such as edge and median appears to be very similar. The improvement over 6 dB bias value is observed only for the cell edge performance. 

[bookmark: _Ref305445722]Table 9: Full buffer,  ITU  model, configuration 4b.
	Bias 
	IC model 
	ABS at macro 
	Edge 
	Edge gain(%) 
	Median 
	Median Gain(%) 
	Mean 
	Mean gain(%) 

	0dB 
	No IC 
	N/A 
	0.99
	 -
	3.55
	- 
	4.64
	- 

	6dB 
	No IC 
	4 of 8 
	0.93
	-6.1% 
	3.83
	+7.9% 
	4.73
	+1.9% 

	6dB 
	realistic 
	4 of 8 
	1.28
	+29.3% 
	4.77
	+34.4% 
	5.53
	+19.2% 

	12dB 
	realistic 
	4 of 8 
	1.42
	+43.4% 
	4.85
	+36.6% 
	5.46
	+17.7% 

	18dB 
	realistic 
	4 of 8 
	1.35
	+36.4% 
	4.81
	+35.5% 
	5.45
	+17.5% 


In Table 10 and Figure 4 we illustrate system performance under traffic models assumptions. The stability point is determined as described in Section 2. It is clear from the results that CRS IC can offer significant performance advantage over no IC with TDM based eICIC. Without CRS IC, the performance of TDM partitioning offers relatively modest benefits. However, with CRS IC, for the same UE cell edge performance, the cell throughout can be further improved by over 35% when CRS IC is utilized (~105 Mbps vs ~77 Mbps). Comparing the performance with CRS IC for 6 dB and 12 dB bias values for the same cell edge UE performance (~1.8 Mbps), we observe that about 5% gain can be achieved with the 12 dB bias compared to 6 dB bias (~105 Mbps vs ~100 Mbps).
[bookmark: _Ref305445918]Table 10: UE and cell throughput summary for traffic models simulations and various bias values.
	0dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	28
	28
	66.39
	28.29
	23.43
	7.75

	36
	34.96
	63.49
	25.7
	20.75
	6.96

	44
	44
	56.54
	21.98
	17.19
	5.55

	52
	50.32
	55.36
	20.6
	16.03
	4.83

	60
	60
	46.38
	16.92
	13
	2.81

	76
	71.25
	42.33
	15.31
	11.63
	2.24

	Stability
	69
	43.14
	15.63
	11.9
	2.35



	6dB bias, no IC 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	36
	36
	55.56
	20.77
	16.31
	3.8

	44
	44
	52.29
	18.97
	14.49
	3.59

	52
	52
	46.24
	17.35
	13.62
	3.28

	60
	58.77
	41.67
	16.11
	12.6
	3.02

	68
	66.02
	38.1
	14.89
	11.82
	2.58

	76
	73.92
	33.54
	13.34
	10.39
	2.39

	84
	78.66
	32.99
	12.92
	9.93
	2.27

	Stability
	76.88
	33.2
	13.08
	10.1
	2.32



	6dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	44
	42.53
	71.11
	30.53
	25.24
	10.19

	60
	60
	56.34
	23.74
	20.08
	6.29

	68
	68
	54.42
	21.7
	17.92
	5.89

	76
	75.47
	50.16
	19.86
	16.41
	4.54

	84
	84
	41.34
	16.83
	13.68
	3.72

	92
	90.21
	37.47
	15.39
	12.32
	3.25

	100
	97.02
	33.54
	14.29
	11.63
	2.7

	108
	103.35
	31.19
	12.97
	10.6
	1.8

	116
	107.99
	30.19
	11.97
	9.52
	1.44

	Stability
	104.58
	30.92
	12.7
	10.31
	1.7



	12dB bias, IC 
	 
	 
	 
	 
	 

	Offered load
	Served throughput 
	95% user data rate
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	44
	44
	70.8
	31.3
	26.27
	10.41

	52
	52
	67.23
	27.98
	22.96
	8.96

	60
	60
	62.75
	26.08
	21.28
	8.26

	68
	68
	55.94
	22.84
	18.69
	6.51

	76
	76
	52.63
	21.72
	18.08
	5.93

	84
	82.19
	46.78
	19.51
	16.34
	4.68

	92
	90.62
	42.44
	17.65
	14.52
	4.13

	100
	97.96
	37.21
	15.37
	12.71
	3.18

	108
	103.63
	33.47
	14.06
	11.67
	2.43

	116
	108.07
	31.81
	12.85
	10.69
	1.83

	Stability
	105.14
	32.9
	13.65
	11.34
	2.23




[bookmark: _Ref305445923]Figure 4: Served cell throughput and edge UE throughput for ITU model, configuration 4b.
4 	Conclusions
In this contribution, we evaluated system performance of feICIC based on the evaluation methodology given in [1]. Based on the simulations results, we conclude that CRS cancellation is necessary to extract significant performance gains that eICIC can offer, regardless of the selected handover bias value. Bias values of 12 dB offer significant performance gains over lower bias (6 dB) for all scenarios of interest. 18 dB bias is observed to offer further performance gains for 3GPP Model 1 scenarios. 
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  for bias values beyond 12 dB and up to 18 dB.
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Appendix 
A.1 Modeling of residual interference after CRS cancellation 
Table 11 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. 
[bookmark: _Ref305419666]Table 11: 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
	0.994
	0.995



More specifically, we define:



: received signal vector on CRS tones for a given subframe 

: channel gain vector on CRS tones for a given subframe

: additive noise vector on CRS tones for a given subframe


Let the channel estimation vector be . Then, the CRS IC factors for cancellation before MMSE weighting are defined as:



 E[||-||^2/||||^2]
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 11. 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 12. 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. 




[bookmark: _Ref305419350]Table 12: 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
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