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1 Introduction

In RAN4#68 meeting, the interference modelling conclusions from E-mail discussion, including both Phase I and Phase II,  were summarized and approved [1]. The calibration results of geometry and interference level were also agreed in [2]. Although the interference modelling and simulation assumptions haven’t been finalized in last meeting, we provide some evaluations on the link level performance of different receivers for Phase I.
2 Simulation assumptions 
In the simulation, the evaluation assumptions are:

· Interference level 

The interference level, such as I1/Noc and I2/Noc were agreed in [1] for different SINR conditions, RU and so on. In our evaluation, we will focus on the cases with RU=40%, low/median region, I1/Noc@50%-ile
	SINR region
	Minimum SINR, dB
	Maximum SINR, dB
	Loading
	I1/Noc @50%-title (dB)
	Conditioned median I2/Noc (dB)

	Low: 5-25%
	-3.74
	1.08
	40%
	7.77
	2.29

	Median: 40-60%
	3.89
	8.06
	40%
	6.24
	1.54


· ON/OFF model for Phase I
In Phase I evaluation, a fixed ON/OFF pattern is used for the two explicitly modelled interferes. The interfering cell is assumed to be fully loaded when it is on, while only CRS is transmitted when it is off.
· On/On

· On/Off

· Off/Off

· Off/On (lower priority, not evaluated in this contribution)

· MCS for serving and interference cells
Regarding the FRC and transmission of the serving and aggressor cells, there have had a lot discussion, but still couldn’t reach common agreements. So, in our evaluation, we will use the following assumptions: 
	Cell
	TM 9/10 Scenario parameters

	Serving cell

	· TM9 Rank 1

· Low SNR region:      MCS 8-QPSK1/2
· Median SNR region: MCS 14-16QAM1/2

	Interferer cell 1 and cell 2
	· TM9 Rank1 interferer

· MCS 5: QPSK, Rate 1/3

· MCS 14: QAM16, Rate 1/2

· MCS 25: QAM64, Rate ¾

· Resultant 3 MCS combinations for interferers {5,5}, {14,14}, {25,25}


· Other simulation assumptions

Beside the above assumptions, other detailed simulation assumptions are listed in Table 1:
Table 1 Simulation assumptions
	Parameters
	Values

	Channel
	ETU5

	System bandwidth
	10 MHz

	Number of interference BS
	2

	CRS configuration
	CRS colliding between serving and aggressor cells

	Interference power
	(see above)

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	Useful signal transmission scheme
	(see above)

	Interference signal transmission scheme
	(see above)

	HARQ modeling
	Maximum 4 HARQ retransmissions

	Beamforming model
	Randomly Wideband PMI:

· Fixed across entire frequency band

· Varies randomly from subframe to subframe for serving cell 

· Varies randomly from subframe to subframe for interfering cells

	Modelling of receiver
	Channel estimation
	· No enhancement for LMMSE-IRC

· DMRS-IC for E-LMMSE-IRC, R-ML, SL-IC

	
	Required assistant information
	Ideal known in receiver sides

	
	LMMSE-IRC receiver
	Ruu filtering granularity is 2PRB

	
	E-LMMSE-IRC
	Process both interference

	
	R-ML
	QRM based. Considering the implement complexity, only deal single layer interference signal.

	
	SL-IC
	Considering the implement complexity, only cancel single layer interference signal

	
	


3 Performance and observation
3.1 Low SINR region 

The specific simulation assumptions of this case are listed below:

· SINR region is [-3.74 1.08] dB
· Interference levels are:  I1/Noc=7.77dB and I2/Noc=2.29dB

· FRC for serving cell

·  MCS 8: QPSK1/2

· FRC for aggressor cells 

· MCS 5: QPSK, Rate 1/3

· MCS 14: QAM16, Rate 1/2

· MCS 25: QAM64, Rate ¾

The simulation results are shown in Figure 1, and performance gain of different advanced receivers over LMMSE-IRC at 70% throughput point is summarized in Table 2.
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Figure 1 Simulation results of advanced receiver for low SINR cases
Table 2 Performance gains of advanced receiver over LMMSE-IRC receiver for low SNR region
	SNR region 
	MCS of serving cell 
	Interference pattern
	MCS of interference cell
	SNR gain over LMMSE-IRC (dB)

	
	
	
	
	E-MMSE-IRC
	SLIC
	R-ML

	Low SINR region


	MCS 8
	ON/OFF
	{5,5}
	2.4
	3.6
	4.6

	
	
	
	{14,14}
	2.4
	2.7
	2.9

	
	
	
	{25,25}
	2.4
	2.6
	2.6

	
	
	ON/ON
	{5}
	1.7
	2.4
	1.9

	
	
	
	{14}
	1.7
	1.4
	1.3

	
	
	
	{25}
	1.7
	1.3
	1.2


3.2 Median SINR region 

The specific simulation assumptions of this case are listed below:

· SNR region is [3.89 8.06] dB
· Interference levels are: I1/Noc=6.24dB and I2/Noc=1.54dB

· FRC for serving cell

·  MCS 14:  16QAM 1/2
· FRC for aggressor cells 

· MCS 5:   QPSK, Rate 1/3

· MCS 14: QAM16, Rate 1/2

· MCS 25: QAM64, Rate ¾

The simulation results are shown in Figure 2, and performance gain of different advanced receivers over LMMSE-IRC at 70% throughput point is summarized in Table 3.
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Figure 2: Simulation results of advanced receiver for low SINR cases

Table 3 Performance gains of advanced receiver over LMMSE-IRC receiver for low SINR region
	SNR region 
	MCS of serving cell 
	Interference pattern
	MCS of interference cell
	SNR gain over LMMSE-IRC (dB)

	
	
	
	
	E-MMSE-IRC
	SLIC
	R-ML

	Median SNR region


	MCS 14
	ON/OFF
	{5,5}
	1.9
	2.5
	3.0

	
	
	
	{14,14}
	1.9
	2.0
	2.0

	
	
	
	{25,25}
	1.9
	2.0
	-

	
	
	ON/ON
	{5}
	1.4
	1.3
	1.6

	
	
	
	{14}
	1.4
	0.8
	0.9

	
	
	
	{25}
	1.4
	0.8
	-


4 Observation and analysis 

Base on the simulation results, the performance gains of different SINR regions are summarized in Table 4.  
Table 4 Performance gains of advanced receiver over LMMSE-IRC receiver for low and median SINR region

	SINR region 
	MCS of serving cell 
	Interference pattern
	MCS of interference cell
	SNR gain over LMMSE-IRC (dB)

	
	
	
	
	E-MMSE-IRC
	SLIC
	R-ML

	Low SINR region

[-3.74 1.08]dB
	MCS 8
	ON/OFF
	{5,5}
	2.4
	3.6
	4.6

	
	
	
	{14,14}
	2.4
	2.7
	2.9

	
	
	
	{25,25}
	2.4
	2.6
	2.6

	
	
	ON/ON
	{5}
	1.7
	2.4
	1.9

	
	
	
	{14}
	1.7
	1.4
	1.3

	
	
	
	{25}
	1.7
	1.3
	1.2

	Median SINR region

[3.89 8.06]dB
	MCS 14
	ON/OFF
	{5,5}
	1.9
	2.5
	3.0

	
	
	
	{14,14}
	1.9
	2.0
	2.0

	
	
	
	{25,25}
	1.9
	2.0
	-

	
	
	ON/ON
	{5}
	1.4
	1.3
	1.6

	
	
	
	{14}
	1.4
	0.8
	0.9

	
	
	
	{25}
	1.4
	0.8
	-


It could be observed from above results that:

· E-LMMSE-IRC, SL-IC and R-ML receivers achieve better performance over LMMSE-IRC. The performance gain depends on number of interference cells, interference modulation order and level
· For ON/OFF interferers pattern
· SLIC and R-ML receivers achieve better performance over E-LMMSE-IRC under QPSK interference

· SLIC and R-ML receivers have similar performance with E-LMMSE-IRC under 16QAM/64QAM interference 

·  For ON/ON interferers pattern
· E-LMME-IRC receiver could achieve similar or better performance than SLIC and R-ML receivers since in the simulation only interference from the stronger interfering cell is cancelled for SLIC and R-ML receivers. While E-LMMSE-IRC performs interference suppression on both interference cells
5 Conclusion
In this contribution, we evaluate the link level performance of E-LMMSE-IRC/SLIC/R-ML receivers for NAICS Phase I scenarios. The observations based on the simulation results are summarized below:
Observations:
· E-LMMSE-IRC, SL-IC and R-ML receivers achieve better performance over LMMSE-IRC. The performance gain depends on number of interference cells, interference modulation order and level

· For ON/OFF interferers pattern
· SLIC and R-ML receivers achieve better performance over E-LMMSE-IRC under QPSK interference

· SLIC and R-ML receivers have similar performance with E-LMMSE-IRC under 16QAM/64QAM interference 

·  For ON/ON interferers pattern
· E-LMME-IRC receiver could achieve similar or better performance than SLIC and R-ML receivers since in the simulation only interference from the stronger interfering cell is cancelled for SLIC and R-ML receivers. While E-LMMSE-IRC performs interference suppression on both interference cells
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