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1 Introduction

In last RAN4 meeting, the WF for NAICS Phase I simulation results was agreed [1], and interference power profile was decided by email reflector. Based on these agreements, in this contribution, we provide simulation result for NAICS Phase I with scenario 1 and scenario 2.

· Metric for Phase 1: SNR gain at 70% of maximum throughput

· Baseline receiver: Rel-11 MMSE-IRC

2 Phase I of NAICS
2.1 Simulation assumption
For observation simulation results, we consider TM4 case and Low geometry SINR region for LMMSE-IRC, ELMMSE-IRC, SLIC, and R-ML receivers. Other parameters and interference profile are shown in Table 1.
Table 1 Simulation assumption of Phase I
	Parameters
	Unit
	Serving
	I1
	I2

	Downlink power allocation
	ρA
	dB
	-3
	-3
	-3

	
	ρB
	dB
	-3 (Note 1)
	-3
	-3

	Noc at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A

	Channel model 
	
	EPA5

	Transmission mode
	
	TM4

	E/Noc
	dB
	Sweep E/Noc to cover SINR range
	50% I1/Noc
	Conditional median I2/Noc

	
	
	
	80% I1/Noc
	Conditional median I2/Noc

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	1

	
	
	
	(Colliding)
	(Non-Colliding)

	Number of control OFDM symbols
	
	2
	2
	2

	Note 1:      P_B = 1

Note 2:      Both layers of rank2 transmissions use the same MCS

Note 3:      Fixed wideband PMI for serving cell.

Note 4:      Varies randomly from subframe to subframe for interfering cells


Interference power profile of scenario 1 is shown in Table 2.
Table 2 Interference power profile of scenario 1
	5-25% geometries

	SINR_min
	-3.7
	　
	　
	　
	　

	SINR_max
	1.14
	　
	　
	　
	　

	I1/Noc(40%)@20%-tile
	3.28
	I1/Noc(40%)@50%-tile
	7.77
	I1/Noc(40%)@80%-tile
	13.91

	Conditioned median I2/Noc
	0.74
	Conditioned median I2/Noc
	2.29
	Conditioned median I2/Noc
	3.34

	I1/Noc(60%) @20%-tile 
	1.94
	I1/Noc(60%) @50%-tile
	6.33
	I1/Noc(60%)@80%-tile
	12.33

	Conditioned median I2/Noc
	-0.56
	Conditioned median I2/Noc
	0.76
	Conditioned median I2/Noc
	1.67


Interference power profile of scenario 2 is shown in Table 3.
Table 3 Interference power profile of scenario 2
	5-25% geometries

	SINR_min
	-3.28
	　
	　
	　
	　

	SINR_max
	1.63
	　
	　
	　
	　

	I1/Noc(40%)@20%-tile
	5.41
	I1/Noc(40%)@50%-tile
	11.39
	I1/Noc(40%) @80%-tile
	18.46

	Conditioned median I2/Noc
	2.79
	Conditioned median I2/Noc
	5.45
	Conditioned median I2/Noc
	7.09

	I1/Noc(60%) @20%-tile 
	3.81
	I1/Noc(60%) @50%-tile
	9.67
	I1/Noc(60%) @80%-tile
	16.71

	Conditioned median I2/Noc
	1.09
	Conditioned median I2/Noc
	3.71
	Conditioned median I2/Noc
	5.34


2.2 Simulation results

Table 4 ~ Table 7 show the SNR gain at 70% throughput based on LMMSE-IRC receiver for scenario 1.
Table 4 SNR gain for scenario1 with 40% RU and 50%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[50]% I1/Noc
I1/Noc = 7.68 dB
I2/Noc = 2.16 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	1.796
	4.217
	5.342

	
	
	
	
	
	{14}
	1.505
	1.805
	3.409

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	1.633
	1.975
	2.017

	
	
	
	
	
	{14}
	1.530
	1.255
	1.635

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	1.633
	1.592
	1.601

	
	
	
	
	
	{14}
	1.511
	1.220
	1.446

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	3.208
	5.421
	5.733

	
	
	
	
	
	{14}
	2.769
	3.829
	4.802

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	2.988
	3.386
	3.756

	
	
	
	
	
	{14}
	2.810
	2.791
	3.315

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	3.038
	3.061
	3.409

	
	
	
	
	
	{14}
	2.772
	2.719
	3.074


Table 5 SNR gain for scenario1 with 40% RU and 80%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[80]% I1/Noc
I1/Noc = 13.91 dB
I2/Noc = 3.34 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	3.988
	8.190
	8.783

	
	
	
	
	
	{14}
	3.363
	6.157
	7.012

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	3.764
	5.343
	5.249

	
	
	
	
	
	{14}
	3.352
	3.773
	3.877

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	3.736
	3.696
	3.118

	
	
	
	
	
	{14}
	3.343
	2.917
	3.097

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	6.385
	10.273
	9.846

	
	
	
	
	
	{14}
	5.293
	8.769
	8.970

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	5.779
	8.505
	8.231

	
	
	
	
	
	{14}
	5.273
	6.933
	7.669

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	5.770
	6.919
	6.506

	
	
	
	
	
	{14}
	5.269
	6.300
	5.877


Table 6 SNR gain for scenario1 with 60% RU and 50%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[50]% I1/Noc
I1/Noc = 6.33 dB
I2/Noc = 0.76 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	1.500
	3.458
	4.254

	
	
	
	
	
	{14}
	1.475
	1.550
	2.573

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	1.285
	1.646
	1.590

	
	
	
	
	
	{14}
	1.481
	1.098
	1.555

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	1.309
	1.379
	1.346

	
	
	
	
	
	{14}
	1.490
	1.083
	1.439

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	3.343
	5.059
	4.904

	
	
	
	
	
	{14}
	2.595
	3.713
	4.017

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	2.328
	3.398
	3.025

	
	
	
	
	
	{14}
	2.037
	2.369
	2.041

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	3.176
	3.137
	3.418

	
	
	
	
	
	{14}
	2.604
	2.873
	2.837


Table 7 SNR gain for scenario1 with 60% RU and 80%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[80]% I1/Noc
I1/Noc = 12.33dB
I2/Noc = 1.67 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	3.491
	7.260
	7.663

	
	
	
	
	
	{14}
	3.127
	5.196
	6.241

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	3.325
	4.750
	4.366

	
	
	
	
	
	{14}
	3.137
	2.877
	3.532

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	3.335
	3.484
	2.948

	
	
	
	
	
	{14}
	3.117
	2.746
	2.942

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	5.026
	8.311
	9.689

	
	
	
	
	
	{14}
	3.583
	6.772
	6.711

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	5.440
	6.304
	7.039

	
	
	
	
	
	{14}
	3.600
	5.154
	5.805

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	5.169
	4.843
	5.284

	
	
	
	
	
	{14}
	3.888
	4.694
	5.290


Table 8 ~ Table 11 show the SNR gain at 70% throughput based on LMMSE-IRC receiver for scenario 2.

Table 8 SNR gain for scenario2 with 40% RU and 50%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[50]% I1/Noc
I1/Noc = 11.39dB
I2/Noc = 5.45 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	2.380
	6.418
	8.327

	
	
	
	
	
	{14}
	2.249
	3.309
	6.064

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	2.330
	3.363
	3.758

	
	
	
	
	
	{14}
	2.211
	1.626
	2.809

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	2.327
	2.436
	2.187

	
	
	
	
	
	{14}
	2.235
	1.619
	2.023

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	5.003
	7.886
	8.267

	
	
	
	
	
	{14}
	4.741
	6.676
	7.775

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	4.790
	6.043
	6.624

	
	
	
	
	
	{14}
	4.763
	5.072
	5.766

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	4.799
	5.054
	5.413

	
	
	
	
	
	{14}
	4.763
	4.632
	5.032


Table 9 SNR gain for scenario2 with 40% RU and 80%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[80]% I1/Noc
I1/Noc =18.46 dB
I2/Noc = 7.09 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	4.916
	10.442
	11.691

	
	
	
	
	
	{14}
	4.612
	9.059
	10.299

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	4.758
	8.529
	8.497

	
	
	
	
	
	{14}
	4.562
	4.726
	6.307

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	4.752
	5.330
	4.181

	
	
	
	
	
	{14}
	4.542
	4.107
	3.871

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	9.455
	13.192
	13.143

	
	
	
	
	
	{14}
	9.993
	13.702
	13.926

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	8.796
	12.256
	12.143

	
	
	
	
	
	{14}
	10.125
	12.371
	13.446

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	8.791
	10.287
	9.994

	
	
	
	
	
	{14}
	10.148
	10.920
	10.612


Table 10 SNR gain for scenario2 with 60% RU and 50%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[50]% I1/Noc
I1/Noc = 9.67 dB
I2/Noc = 3.71 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	2.122
	5.337
	6.851

	
	
	
	
	
	{14}
	1.814
	2.528
	4.647

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	2.043
	2.495
	2.789

	
	
	
	
	
	{14}
	1.808
	1.725
	2.157

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	2.055
	2.108
	1.961

	
	
	
	
	
	{14}
	1.795
	1.663
	1.724

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	4.065
	7.515
	7.464

	
	
	
	
	
	{14}
	4.010
	6.050
	7.151

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	3.853
	4.995
	5.501

	
	
	
	
	
	{14}
	4.041
	4.647
	4.736

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	4.910
	4.825
	5.376

	
	
	
	
	
	{14}
	4.021
	4.452
	4.484


Table 11 SNR gain for scenario2 with 60% RU and 80%-tile I1/N under low SINR geometry
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	{I1},{I2}
	
	
	ELMMSE-IRC
	SL-IC
	R-ML

	[80]% I1/Noc
I1/Noc = 16.71 dB
I2/Noc = 5.34 dB
	ON/ON pattern
	{1},{1}
	{5},{5}
	1
	{5}
	4.789
	9.878
	10.973

	
	
	
	
	
	{14}
	4.321
	8.075
	9.218

	
	
	{1},{1}
	{14},{14}
	1
	{5}
	4.589
	7.482
	7.376

	
	
	
	
	
	{14}
	4.284
	4.162
	5.896

	
	
	{1},{1}
	{25},{25}
	1
	{5}
	4.609
	4.923
	3.875

	
	
	
	
	
	{14}
	4.236
	3.708
	3.810

	
	ON/OFF pattern
	{1},{NA}
	{5},{NA}
	1
	{5}
	7.181
	10.527
	12.015

	
	
	
	
	
	{14}
	7.967
	9.734
	11.293

	
	
	{1},{NA}
	{14},{NA}
	1
	{5}
	6.916
	9.576
	10.356

	
	
	
	
	
	{14}
	6.745
	7.907
	9.793

	
	
	{1},{NA}
	{25},{NA}
	1
	{5}
	6.909
	7.570
	9.224

	
	
	
	
	
	{14}
	6.726
	7.034
	7.356


From simulation results for scenario 1 and 2, R-ML receiver has high SNR gain for QPSK and 16QAM modulation order cases, but for high modulation order such as 64QAM, ELMMSE-IRC, SLIC, and R-ML receivers are similar SNR gain. 
3 Conclusion
In this contribution, we provide simulation results for NAICS Phase 1 with scenario 1 and 2. From simulation results, our observation is as follows:
- Observation: R-ML receiver has high SNR gain for QPSK and 16QAM modulation order cases, but for high modulation order such as 64QAM, ELMMSE-IRC, SLIC, and R-ML receivers have similar SNR gain.
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