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1 Introduction

In RAN4 #68bis meeting, there had been discussions on the simulation modelling for NAICS Phase II evaluation. The agreements were included in [1] and [2]. Based on the approved assumptions, we provide the Phase II evaluation results and observations on different advanced receivers in this contribution.
2 Simulation assumptions 
In this section, we provide the descriptions of the simulation assumptions used in our evaluation, most of them are adopted from the agreed proposals.
· The interference level 

The interference level, such as I1/Noc and I2/Noc were agreed in [1] for different SNR condition and RU. In our evaluation, we focus on the cases with RU=40%, low/median region and I1/Noc@50%/80%-ile.
Also, we give the valid range of Es/Noc based on given Interference and SINR region, the final performance gain of advanced receivers would be provided as the throughput gain within the valid range of Es/Noc.

Table 1 Interference condition of Scenarios 1 and RU=40%

	Loading
	SINR region
	Minimum SINR (dB)
	Maximum SINR (dB)
	I1/Noc @50%-title (dB)
	Conditioned median I2/Noc (dB)
	Minimum Es/Noc  (dB)
	Maximum Es/Noc  (dB)

	40%
	Low: 5-25%
	-3.74
	1.08
	7.77
	2.29
	5.64
	10.46

	40%
	Median: 40-60%
	3.89
	8.06
	6.24
	1.54
	12.10
	16.27

	Loading
	SINR region
	Minimum SINR (dB)
	Maximum SINR (dB)
	I1/Noc @80%-title (dB)
	Conditioned median I2/Noc (dB)
	Minimum Es/Noc  (dB)
	Maximum Es/Noc  (dB)

	40%
	Low: 5-25%
	-3.74
	1.08
	13.91
	3.34
	10.69
	15.51

	40%
	Median: 40-60%
	3.89
	8.06
	12.95
	3.47
	17.49
	21.66


· CSI/MCS for serving and interference cells
The MCS/RI selection and their probability partially coming from [2] are listed in table 2: 
Table 2 Interference modelling for Scenarios 1 and RU=40%

	Cell
	

	Serving cell


	· TM9 Rank 1

· PUCCH 1-1 feedback
· OLLA used with 10% BLER adjustment

	Interferer cell 1 and cell 2
	· TM9 with given MCS and RI for each packet 
· Packet level MCS/RI probability 
· RI=1/2 is randomly chosen according to [55%]/ [45%] probability 

· RI=1: MCS 7  ([17%]), MCS 15  ([22%]), MCS 22  ([16%]) 

· RI=2: MCS 7 ([11%]), MCS 14 ([16%]), MCS 22 ([18%])

· Adaptive Packet arrival rate for target 40% loading


· Other simulation assumptions

Beside the above assumptions, the other simulation assumptions are listed in Table 3:
Table 3 Other 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

	Scheduling
	10% OLLA enable

Only scheduled in subframe [1 2 3 4 6 7 8 9]

	Beamforming model
	Random 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 process single layer interference signal.

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

	
	


3 Simulation results 
3.1 Scenarios 1, RU = 40%, Low SNR region 

In this section, we will evaluate two kinds of interference level scenarios:

· I1/Noc @ 50%-title: [I1/Noc=7.77dB, I2/Noc=2.29dB]

· I1/Noc @ 80%-title: [I1/Noc=13.91dB, I2/Noc=3.34dB]

The simulation results are shown in Figure 1, and the throughput of different receiver at reference values are given in Table 4.
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Figure 1 Throughput results of advanced receiver for low SINR cases
Table 4 Throughput of advanced receivers for low SINR cases
	Cases
	Interference condition 
	 Reference value*
(Es/Noc) (dB) 
	Throughput (Mbps)

	
	
	
	L-MMSE-IRC
	E-MMSE-IRC
	SL-IC
	ML

	Low SNR region

SINR=[-3.74dB 1.08dB]


	I1/Noc @ 50%-title
	5.64
	4.75
	5.99
	6.11
	6.20

	
	
	8.05
	6.46
	7.84
	7.98
	8.09

	
	
	10.46
	8.25
	10.06
	10.16
	10.31

	
	I1/Noc @ 80%-title
	10.69
	5.84
	9.13
	9.42
	9.59

	
	
	13.10
	7.49
	11.44
	11.61
	11.78

	
	
	15.51
	9.59
	13.90
	14.15
	14.26


3.2 Scenarios 1, RU = 40%, Median SNR region 

In this section, we will evaluate two kinds of interference level scenarios:

· I1/Noc @ 50%-title: [I1/Noc=6.24dB, I2/Noc=1.54dB]

· I1/Noc @ 80%-title: [I1/Noc=12.95dB, I2/Noc=3.47dB]

The simulation results are shown in Figure 2 and the throughput of different receiver at reference values are given in Table 5.
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Figure 2 Throughput results of advanced receiver for median SINR cases

Table 5 Throughput of advanced receivers for median SINR cases
	Cases
	Interference condition 
	 Reference value

(Es/Noc) (dB) 
	Throughput (Mbps)

	
	
	
	L-MMSE-IRC
	E-MMSE-IRC
	SL-IC
	ML

	median SNR region

SINR=[3.89dB 8.06dB]


	I1/Noc @ 50%-title
	12.10
	10.61
	12.13
	12.16
	12.27

	
	
	14.18
	12.75
	14.26
	14.27
	14.39

	
	
	16.27
	15.17
	16.61
	16.64
	16.75

	
	I1/Noc @ 80%-title
	17.49
	12.28
	16.00
	16.21
	16.43

	
	
	19.57
	14.88
	17.60
	17.73
	17.97

	
	
	21.66
	17.19
	18.88
	18.93
	19.18


4 Observation and analysis 

The simulation results can be summarized by the throughput gain of advance receivers over LMMSE-IRC at different reference values (Es/Noc) as shown in Table 6: 
Table 6 Throughput gain of advanced receivers over MMSE-IRC 
	Cases
	Interference condition 
	 Reference value*

(Es/Noc) (dB) 
	Throughput gain over LMMSE-IRC 

	
	
	
	E-MMSE-IRC
	SL-IC
	R-ML

	Low SINR region

SINR=[-3.74dB 1.08dB]


	I1/Noc @ 50%-title
	5.64
	26.11%
	28.63%
	30.53%

	
	
	8.05
	21.36%
	23.53%
	25.23%

	
	
	10.46
	21.94%
	23.15%
	24.97%

	
	
	Average 
	23.14%
	25.10%
	26.91%

	
	I1/Noc @ 80%-title
	10.69
	56.34%
	61.30%
	64.21%

	
	
	13.10
	52.74%
	55.01%
	57.28%

	
	
	15.51
	44.94%
	47.55%
	48.70%

	
	
	Average
	51.34%
	54.62%
	56.73%

	Median SINR region

SINR=[3.89dB 8.06dB]


	I1/Noc @ 50%-title
	12.10
	14.33%
	14.61%
	15.65%

	
	
	14.18
	11.84%
	11.92%
	12.86%

	
	
	16.27
	9.49%
	9.69%
	10.42%

	
	
	Average
	11.89%
	12.07%
	12.97%

	
	I1/Noc @ 80%-title
	17.49
	30.29%
	32.00%
	33.79%

	
	
	19.57
	18.28%
	19.15%
	20.77%

	
	
	21.66
	9.83%
	10.12%
	11.58%

	
	
	Average
	19.47%
	20.43%
	22.05%


Based on the above results, we made the following observations:
· The evaluated three kinds of advanced receivers, E-LMMSE-IRC/SL-IC/R-ML could achieve significant performance gain over R.11 LMMSE-IRC receiver, and the gains depend on different configuration:
· Achievable gain is much larger for low SINR region
· Achievable gain is much larger for relative higher interference scenarios
· SL-IC and R-ML receivers have larger performance gain compared to E-LMMSE-IRC under partial loading, but the difference is much smaller compared to full loading cases. The possible reasons could be,
· The ON percentage for the strongest interference is only 40%

· The Rank 1 QPSK transmission of interfering cell only happens with 17% probability (packet level)
5 Conclusion

In this contribution, we evaluate the link level performance of E-LMMSE-IRC/SLIC/ML receivers for NAICS phase II scenarios based on the agreed assumptions. The performance gains are summarized as:
· Throughput gain over Rel-11 LMMSE-IRC receiver: 
· Low SINR region,    I1/Noc @ 50%-title: [E-LMMSEIRC 23.14%; 
SL-IC 25.10%; 
R-ML 26.91%]

· Low SINR region,     I1/Noc @ 80%-title: [E-LMMSEIRC 51.34%; 
SL-IC 54.62%; 
R-ML 56.73%]

· Median SINR region, I1/Noc @ 50%-title: [E-LMMSEIRC 11.89%; 
SL-IC 12.07%; 
R-ML 12.97%]

· Median SINR region, I1/Noc @ 80%-title: [E-LMMSEIRC 19.74%; 
SL-IC 20.43%; 
R-ML 22.05%]

The following observations could be made from the simulation results:

· The evaluated three kinds of advanced receivers, E-LMMSE-IRC/SL-IC/R-ML could achieve significant performance gain over R.11 LMMSE-IRC receiver, and the gains depend on different configuration:

· Achievable gain is much larger for low SINR region

· Achievable gain is much larger for relative higher interference scenarios

· SL-IC and R-ML receivers have larger performance gain compared to E-LMMSE-IRC under partial loading, but the difference is much smaller compared to full loading cases. 
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