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1	Introduction
In 3GPP RAN4 #72meeting, RAN4 has successfully completed the core part of Rel-12 NAICS WI. During the SI phase and WI core port study, companies mainly focus on the scenario that serving and interference cell have the same CRS/DMRS TM mode in order to finalize the NAICS signaling design in time, e.g. TM4(serving)+TM4(interference), TM9(serving)+TM9(interference). Meanwhile, it was suggested to continue the study and evaluate the potential NAICS under the mixed CRS/DMRS TM mode [1].
· The companies are encouraged to provide simulation results in order to study achievable NAICS performance in the following scenarios
· Non-colliding CRS pattern for the dominant interferer
· Mixed TM scenarios
In this contribution, we present our performance analysis of NAICS receiver under the mixed CRS/DMRS TM mode. 
2 Simulation Assumptions
In this contribution, Two scenario has been evaluated with the colliding CRS assumption.
· TM4 + TM9
· TM9 + TM4
Noted: in TM X + TM Y notations, X is the serving cell TM mode, Y is the interference cell TM mode.
Meanwhile, the results under the same CRS/DMRS mode has also been provided as reference.
We focus on the performance of blind detection R-ML receiver with the assisted network signaling agreed in core part, including:
· Physical Cell ID, Cell specific PDSCH-to-CRS EPRE (PB), CRS APs number, MBSFN pattern
· Blind detection granularity is 1 PRB pair
· PA subset is {-3, 0, 3}dB
· TM subset is {TM2, TM3, TM4, TM9}
In addition, the following assumptions is made in our evaluation:
· UE specific fall back mechanism is not implemented
· UE can correctly detect the PCFICH from neighbor cell
· No CSI-RS is configured
The interference profiles used in our evaluation is listed below. Detailed assumptions are shown in Annex A.
· Interference profile 1: INR1 = 7.77dB, INR2 = 2.29dB
· Interference profile 2: INR1 = 13.91dB, INR2 = 3.34dB
3 Simulation Results
3.1 TM4+TM9 scenario
In this section, we show the performance analysis for TM4 + TM9 scenario. Theoretically, compared with TM4+TM4 scenario, NAICS receiver may experience:
· The same channel estimation accuracy of serving cell, since CRS-IC is applicable in both scenarios
· The worse channel estimation accuracy of interference, since neither CRS-IC nor DMRS-IC is not applicable to improve the channel estimation.
· No needs for separate RI/PMI estimation of interference, since it can be simply detected by DMRS
Detailed simulation results are provided in Annex B.
Table 1 summarized the required SNR @70% throughput for the simulated cases with interference RI=1. Overall, it is observed that R-ML receiver still provides the promising gain under TM4+TM9 case. The performance gain is also comparable with TM4+TM4 scenario.
Table 2 summarized the required SNR @70% throughput for the simulated cases with interference RI=2. Overall, the performance gain significantly decreases or disappears for both TM4+TM4 and TM4+TM9 case. The performance loss of TM4+TM9 is even larger since RI=2 interference may requires more accurate channel estimation.
Observation 1: Under TM4+TM9 scenario, R-ML receiver still provides the promising gain and the comparable performance with TM4+TM4 scenario, especially for RI=1 interference.
Table 1: Performance under TM4+TM9 scenario, interference RI = 1
	
	Required SNR@70% Throughput (dB)
	Performance Gain over MMSE-IRC (dB)

	INR1 = 7.77dB, INR2 = 2.29dB
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}

	MMSE-IRC
	6.1
	6.1
	12.9
	12.9
	0.0
	0.0
	0.0
	0.0

	R-ML (TM4 Interferer, RI=1)
	3.9
	5.8
	12.1
	13.2
	2.2
	0.3
	0.8
	-0.4

	R-ML (TM9 Interferer, RI=1)
	3.4
	5.0
	12.4
	13.4
	2.6
	1.1
	0.5
	-0.5

	INR1 = 13.91dB, INR2 = 3.34dB
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}

	MMSE-IRC
	10.0
	9.9
	16.7
	16.7
	0.0
	0.0
	0.0
	0.0

	R-ML (TM4 Interferer, RI=1)
	3.4
	6.6
	12.0
	15.4
	6.5
	3.3
	4.7
	1.3

	R-ML (TM9 Interferer, RI=1)
	3.9
	6.4
	13.2
	15.5
	6.1
	3.5
	3.5
	1.1


Table 2: Performance under TM4+TM9 scenario, interference RI = 2
	
	Required SNR@70% Throughput (dB)
	Performance Gain over MMSE-IRC

	INR1 = 7.77dB, INR2 = 2.29dB
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}

	MMSE-IRC
	6.0
	6.0
	12.9
	12.9
	0.0
	0.0
	0.0
	0.0

	R-ML (TM4 Interferer, RI=2)
	6.1
	6.8
	13.6
	13.8
	0.0
	-0.8
	-0.6
	-0.9

	R-ML (TM9 Interferer, RI=2)
	5.6
	6.2
	15.2
	15.4
	0.4
	-0.2
	-2.3
	-2.5

	INR1 = 13.91dB, INR2 = 3.34dB
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}

	MMSE-IRC
	9.8
	9.8
	16.4
	16.4
	0.0
	0.0
	0.0
	0.0

	R-ML (TM4 Interferer, RI=2)
	5.8
	10.1
	15.5
	17.5
	4.0
	-0.3
	0.8
	-1.1

	R-ML (TM9 Interferer, RI=2)
	7.0
	9.6
	18.9
	19.5
	2.8
	0.2
	-2.6
	-3.1



3.2 TM9+TM4 scenario
In this section, we show the performance analysis for TM9 + TM4 scenario. Theoretically, compared with TM9+TM9 scenario, NAICS receiver may experience:
· The worse channel estimation accuracy of serving cell, since neither CRS-IC nor DMRS-IC is not applicable to improve the channel estimation.
· The same channel estimation accuracy of interference cell, since CRS-IC is applicable in both scenarios
· Additional performance loss by worse RI/PMI estimation of interference.
Simulation results are provided in Figure 1 and Figure 2 below. Obviously, NAICS receiver can't provide the superior performance compared with MMSE-IRC receiver due to the large impact caused by deteriorative channel estimation of serving cell. 
Observation 2: Under TM9+TM4 scenario, R-ML receiver can't provide performance gain over MMSE-IRC due to the deteriorative channel estimation of serving cell.
[image: ]
Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 2: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
4 Conclusion
In this contribution, we present our performance analysis of NAICS receiver under the mixed CRS/DMRS TM mode. Our observations are:
Observation 1: Under TM4+TM9 scenario, R-ML receiver still provides the promising gain and the comparable performance with TM4+TM4 scenario, especially for RI=1 interference.
Observation 2: Under TM9+TM4 scenario, R-ML receiver can't provide performance gain over MMSE-IRC due to the deteriorative channel estimation of serving cell.
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6 Annex A: Simulation Assumption
 Table 6-1: Simulated Interference Combinations 
	(Serving/I1/I2)
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS

	
	
	
	
	

	ON/ON/ON pattern
	1
	5
	1
	{5}

	
	
	
	
	{14}

	
	1
	14
	1
	{5}

	
	
	
	
	{14}

	
	2
	5
	1
	{5}

	
	
	
	
	{14}

	
	2
	14
	1
	{5}

	
	
	
	
	{14}


Table 6-2: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM4, TM9

	Transmission mode on Interference cell
	TM4, TM9

	Interference profiles
	INF Level 1: INR1 = 7.77dB, INR2 = 2.29dB;
INF Level 2: INR1 = 13.91dB, INR2 = 3.34dB

	MIMO configuration
	2x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EPA 5Hz 
Use different channel seed for between cells

	CRS configuration
	2 CRS ports. 
CRS is colliding between serving cell and interference cells

	PA
	-3dB

	PB
	0dB

	CSI-RS configuration
	None

	Channel Estimation
	Realistic Channel Estimation

	PMI
	Random PMI

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered


7 Annex B: Detailed Simulation Results
[image: ]
Figure 7-1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 7-2: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
[image: ]
Figure 7-3: Performance under Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 7-4: Performance under Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
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