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1 Introduction
In the last RAN1 75 meeting, some preliminary system level results of R-ML, SLIC, E-LMMSE-IRC, and L-CWIC receivers in terms of gains over the baseline MMSE-IRC receivers are presented. Our initial system level simulation results for symbol level SIC receiver were presented in [1]. In this contribution, we present some further system level evaluation results of SLIC receiver for different scenarios. Performance impact from CRS interference and CRS-IC are considered in the evaluation.
2 Simulation assumptions
The modelling methodology of SLIC we used is proposed in [2]. Residual interference after cancelling the interference from the received signal can be modelled by a scaled value of the signal being cancelled. We followed that methodology and built a lookup table for the scaled value through link level simulations and then validated this modelling methodology. 
When build the lookup table through link level simulation. DMRS-based transmission mode 9 is assumed.  The channel model of the serving/interfering cell is ITU UMa. For simplicity, only a single interferer is considered, and it is assumed that the parameters of interference (i.e. the spatial scheme and the precoding matrix) are available via network assistance. In other words, detection error of spatial scheme and the precoding matrix is not modelled.
Compared to the system level modelling methodology of IRC receiver, the main difference of SLIC receiver is how to derive the post-processing SINR. By looking up predefined mapping table based on the SNR, INR, and the interferer modulation order, the scaled value (
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) can be obtained. Finally the post-processing SINR is calculated by:
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Note that in [1], we had some simplified assumptions (e.g., fixed rank-1 transmission in both the serving and the interfering cell, and ideal interference detection) in the link level simulations when build the look up table. Those simplified assumptions/limitations are not assumed anymore in this contribution. Rank adaption is enabled in both the serving and the interfering cell. Furthermore,  CRS interference is modelled and CRS-IC is also used in the simulation.
3 System level simulation results
For the baseline receiver of LMMSE-IRC, we model the covariance matrix of inter-cell interference and white noise by the complex Wishart distribution, and the covariance of channel estimation error is considered as in [3]. There is no coordination assumed between the severing cell and the interfering cell.

For the receiver of SLIC, coordination between the severing cell and the interfering cell is assumed as it is required to enable signalling the target UE about interference parameters. Table 1 to table 4 show the simulation results for NAICS scenario 1/2a/2b and relative gain of SLIC over the baseline at different resource utilization. Table 5 to table 6 show the simulation results for NAICS scenario 2a/2b and relative gain of SLIC over the baseline at different resource utilization with 3 dB CRE.
Table 1:  Simulation results @40% RU for NAICS scenario 1
	
	Mean UE Throughput (Mbps)
	Gain
	UE Throughput @5%-tile (Mbps)
	Gain

	LMMSE-IRC
	21.15
	-
	3.24
	-

	SLIC
	22.24
	5.2%
	3.84
	18.5%


Table 2:  Simulation results @65% RU for NAICS scenario 1
	
	Mean UE Throughput (Mbps)
	Gain
	UE Throughput @5%-tile (Mbps)
	Gain

	LMMSE-IRC
	15.65
	-
	1.65
	-

	SLIC
	17.45
	11.5%
	2.14
	29.7%


Table 3:  Simulation results @42% RU for NAICS scenario 2a/2b, CRE=0dB
	
	Mean UE Throughput (Mbps)
	Gain
	UE Throughput @5%-tile (Mbps)
	Gain

	LMMSE-IRC
	23.51
	-
	1.31
	-

	SLIC
	25.06
	6.6%
	1.60
	22.1%


Table 4:  Simulation results @53% RU for NAICS scenario 2a/2b, CRE=0dB
	
	Mean UE Throughput (Mbps)
	Gain
	UE Throughput @5%-tile (Mbps)
	Gain

	LMMSE-IRC
	20.20
	-
	0.91
	-

	SLIC
	21.78
	7.8%
	1.0
	9.9%


Table 5:  Simulation results @44% RU for NAICS scenario 2a/2b, CRE=3dB
	
	Mean UE Throughput (Mbps)
	Gain
	UE Throughput @5%-tile (Mbps)
	Gain

	LMMSE-IRC
	25.37
	-
	1.97
	-

	SLIC
	27.05
	6.6%
	2.53
	28%


Table 6:  Simulation results @60% RU for NAICS scenario 2a/2b, CRE=3dB
	
	Mean UE Throughput (Mbps)
	Gain
	UE Throughput @5%-tile (Mbps)
	Gain

	LMMSE-IRC
	21.19
	-
	1.18
	-

	SLIC
	23.07
	8.9%
	1.43
	21%


From the above simulation result, it can be observed that:
· SLIC can provide significant gains for the cell-edge and average user throughput with network assistance/coordination.
· The gain of SLIC in more significant when CRE applied in scenario 2a/2b.
4 Conclusion
In this contribution, the system level simulation results of symbol level SIC was provided. Base on the simulation results, we observe that:
· SLIC can provide significant gains for the cell-edge and average user throughput with network assistance/coordination.
· The gain of SLIC in more significant when CRE applied in scenario 2a/2b.
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Appendix
Table A.1: System level simulation assumption
	 
	Scenario 1 
	Scenario 2a/2b

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm (for small-cell)

	Distance-dependent path loss
	ITU UMa
	ITU UMa for macro and UMi for small cell

	Downlink transmission scheme
	TM10, SU-MIMO, Rank adaptive

	Shadowing
	ITU UMa 
	ITU UMi for small-cell

	Antenna pattern
	3D (referring to TR36.819) 
	2D Omni-directional is baseline for small cell (directional  antenna is not precluded)

	Antenna Height: 
	25m
	10m for small cell

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5dBi for small cell

	Antenna gain of UE
	0 dBi

	Antenna configuration
	2Tx and 2Rx (0.5 lambda), cross-polarized

	Number of small cells per macro cell geographical area
	 
	4

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	Configuration #4b as in TR36.814,
20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance 
	 
	Same as CoMP Scenario #3/4 in TR36.819 [Note-3]
• Macro – RRH/Hotzone: >75m
• Macro – UE : >35m
• RRH/Hotzone – RRH/Hotzone: >40m
• RRH/Hotzone – UE : >10m

	Handover margin
	3dB

	Traffic model
	FTP traffic model 1

	UE receiver
	· DMRS-based LMMSE-IRC as baseline
· Symbol level SIC

	CRE
	
	0dB/3dB

	Baseline MMSE-IRC receiver impairment modeling (demodulation)
	Non-ideal channel estimation of PDSCH for MMSE-IRC. For the MMSE-IRC baseline receiver in system level modeling: The IRC correlation matrix is approximated using the complex Wishart distribution with M degrees of freedom [36.829 with DMRS based sample covariance matrix].

	Receiver impairment modeling (feedback)
	Non-ideal CSI-RS/IMR channel/interference estimation. 
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