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1Introduction
In RAN#59, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression was approved [1]. The main objective of this SI is to identify advanced receiver structures that can be used for co-channel interference mitigation with or without network signalling assistance. In accordance to RAN4 LS [2] several non-linear receiver structures such as ML/R-ML, SLIC, and CWIC were identified as promising candidates for the further NAICS evaluations. It was also recommended by RAN4 to conduct system-level analysis of the identified receivers, since it was found that their efficiency depends on several system-level parameters such as interference profile, modulation and coding schemes. Based on the RAN4 suggestion, several NAICS receiver modelling methodologies have been proposed in RAN1#74bis meeting. In this contribution we provide our views on the system-level evaluation methodology for SLIC receiver discussed in [3].
2 Discussion on simulation methodology for SLIC receiver
In [3] the system-level methodology for modeling of the SLIC receiver is proposed. The model uses interference suppression parameter on the system-level to reflect the reduced interference level due to SLIC receiver processing. The interference suppression parameter is obtained from the link-level simulations and depends on several variables such as:
· Average interference-to-noise ratio (INR)
· Average signal-to-noise ratio (SNR)
· Interferer modulation order 

· Interferer rank

· Transmission mode
On the system-level, the actual value of interference suppression is individually selected for each PRB from the multi-dimensional LUT, using the actual values of INR, SNR, interfering modulation, rank and transmission mode. It is then used to scale the interference from the considered interference source to reflect SLIC receiver operation. 
It should be noted that interference suppression parameter [3] is the average value obtained by taking the expectation over multiple channel realizations of the considered channel model. In practice, it is a random variable, which depends on the instantaneous realizations of the effective channels on serving and interfering links. Since in the system-level modelling the user throughput performance is derived based on instantaneous realizations of the channels, the averaged value may not fully reflect realistic instantaneous interference suppression capabilities of the SLIC receiver. 
Different channel statistics (in time, frequency and spatial domains) could make the interference suppression parameter also dependent on the channel model itself. Since the channel models in the system-level and link-level simulations are different (e.g., EPA/EVA/ETU link-level channel vs. ITU UMa/UMi with LOS/NLOS system-level channel), the interference suppression parameter derived from the link-level channel models might not be applicable for the system-level evaluations. 
Finally, for blind SLIC receiver, when the estimation of the interfering signal parameters (e.g. power boosting, RI, PMI, etc.) is wrong, it is proposed to use a fixed interference suppression equal to 1 (i.e. assume no interference suppression) [3]. However, in some cases, a wrong assumption on interfering signal parameter at the SLIC receiver, could lead to the interference amplification. Therefore, usage of the interference suppression equal to 1 for blind SLIC receivers in all scenarios may not be a valid assumption and requires further justifications.
To illustrate the issues discussed above we have conducted link-level evaluations of SLIC receiver in TM9 to obtain the average interference suppression parameter under different interference conditions. First, the average interference suppression parameter was tested in different channel models having different spatial and frequency statistics. The results are presented in Table 1 for intra-cell SLIC interference suppression (SU-MIMO, rank 2). It can be seen that the value of interference suppression is sensitive to the channel model statistics. The most significant impact is observed when Tx/Rx antenna correlation of the considered model is changed.
Table 1. Intra-cell interference suppression of SLIC receiver in SU-MIMO for different channel models

	
	QPSK, EPA-5
	QPSK, EVA-5
	QPSK, ETU-5

	SNR (dB)
	Ant. Corr. Low
	Ant. Corr. Medium
	Ant. Corr. High
	Ant. Corr. Low
	Ant. Corr. Medium
	Ant. Corr. High
	Ant. Corr.  Low
	Ant. Corr. Medium
	Ant. Corr. High

	0
	-1.47
	-1.21
	-1.39
	-1.51
	-1.29
	-1.29
	-1.39
	-1.21
	-1.30

	4
	-3.32
	-2.23
	-2.24
	-3.18
	-2.23
	-2.23
	-3.07
	-2.33
	-2.29

	8
	-6.01
	-3.68
	-3.17
	-5.73
	-3.69
	-3.10
	-5.66
	-3.75
	-2.98

	12
	-9.62
	-6.11
	-4.03
	-9.17
	-5.79
	-4.04
	-9.23
	-5.74
	-3.91

	16
	-13.70
	-8.81
	-5.60
	-13.38
	-8.89
	-5.40
	-12.89
	-8.49
	-5.14

	20
	-17.65
	-12.68
	-7.70
	-17.45
	-12.27
	-6.96
	-16.73
	-11.67
	-6.56


Next the interference suppression was tested in the scenarios with estimation errors in the interfering signal parameters (e.g. modulation, power boosting, PMI, rank, etc.). More specifically, impact of the incorrect estimation of modulation scheme and power boosting was evaluated. The results are presented in Table 2 for SLIC receiver with inter-cell interference suppression. For the scenario with modulation mismatch, QPSK modulation on interfering link was assumed by the SLIC receiver instead of actually used 16QAM modulation. For the scenario with PDSCH power boosting mismatch, the power boosting of 3dB was assumed instead of actually used 0dB PDSCH power boosting. It can be seen that in some cases (typically medium to high SNR region) the interference suppression could be larger than 0 dB, especially for the boosting mismatch scenario, which indicates the interference amplification by SLIC receiver. When the SNR is high and the INR is low, interference amplification also appears in matched scenarios.
Table 2. Inter-cell interference suppression of SLIC receiver with interfering signal modulation and power boosting errors

	
	EPA-5, Serving QPSK,
Interfering 16QAM, INR = 0dB
	EPA-5, Serving QPSK,
Interfering 16QAM, INR = 9dB

	SNR (dB)
	Matched
	Modulation mismatch
	Boosting mismatch
	Matched
	Modulation mismatch
	Boosting mismatch

	0
	-2.31
	-2.27
	-1.70
	-8.07
	-5.07
	-6.77

	4
	-2.07
	-2.09
	-1.35
	-7.70
	-4.89
	-6.22

	8
	-1.46
	-1.57
	-0.85
	-7.64
	-5.07
	-5.74

	12
	-0.66
	-0.72
	-0.32
	-7.30
	-5.17
	-4.97

	16
	-0.12
	-0.15
	-0.01
	-5.42
	-4.16
	-3.54

	20
	0.06
	0.05
	0.08
	-2.92
	-2.33
	-1.85

	24
	0.10
	0.10
	0.10
	-1.12
	-0.96
	-0.66

	28
	0.11
	0.11
	0.11
	-0.29
	-0.26
	-0.12

	
	ETU-5, Serving QPSK,
Interfering 16QAM, INR = 0dB
	ETU-5, Serving QPSK,
Interfering 16QAM, INR = 9dB

	SNR (dB)
	Matched
	Modulation mismatch
	Boosting mismatch
	Matched
	Modulation mismatch
	Boosting mismatch

	0
	-2.19
	-2.15
	-1.54
	-8.09
	-5.01
	-6.35

	4
	-1.76
	-1.81
	-1.12
	-7.29
	-4.69
	-5.80

	8
	-1.23
	-1.28
	-0.68
	-6.53
	-4.48
	-5.07

	12
	-0.50
	-0.56
	-0.23
	-5.82
	-4.22
	-4.20

	16
	-0.07
	-0.09
	0.02
	-4.30
	-3.28
	-2.94

	20
	0.07
	0.07
	0.09
	-2.33
	-1.83
	-1.48

	24
	0.10
	0.10
	0.10
	-0.88
	-0.74
	-0.51

	28
	0.11
	0.11
	0.11
	-0.19
	-0.18
	-0.06


Finally we provide modulation detection error rate performance for different INRs (see Figure 1). It can be seen that the modulation detection error probability depends on modulation scheme used on interfering layer. This is different observation from the assumption made in [3], that modulation detection error doesn’t depend on the modulation scheme on interfering layer. 
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Figure 1. Modulation detection error probability
3 Summary

In this contribution we have discussed system-level evaluation methodology for SLIC receiver proposed in [3]. We have found that the accuracy of the model may not be sufficient to reflect instantaneous interference suppression capability of SLIC receiver required by the system-level simulations. It was observed that average interference suppression parameter is also sensitive to the channel model (power delay profile and Tx/Rx antenna correlation). It has been shown that in case of the interfering parameter estimation error of blind SLIC receiver the average interference suppression exceeds 1, i.e. may amplify the interfering signal, which is different from the assumption proposed in [3]. Finally found that the modulation detection error probability depends from modulation scheme used on interfering layer, which is also different from the assumption made in [3].
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