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1	Introduction
In 3GPP RAN4 #69 meeting, RAN4 has finalized the analysis of genie-aided NAICS receiver for inter-cell PDSCH to PDSCH interference scenario, including Phase 1 and Phase 2 performance evaluation and complexity analysis. In addition, RAN4 also agreed to further investigate the blind detection performance of interference parameters to conclude the feasibility of blind detection NAICS receiver. In this contribution, we investigate the performance of blind detection NAICS receiver, especially focusing on parameters RI, PMI, Modulation and EPRE Parameter Rho_A and Rho_B .
2 Simulation Assumptions
In this contribution, we focus on the blind detection performance of R-ML receiver. Especially, we evaluate the performance loss caused by 
· Blind detection of RI, PMI, Modulation Format
For blind detection of RI, PMI, Modulation, a similar classification algorithm as in [1] can be applied. 
Note that per RB blind detection is applied in our simulations.
· Blind detection of Data to RS EPRE Parameter Rho_A and Rho_B
For blind detection of RI, PMI, Modulation, a similar classification algorithm as in [1] can be applied. 
For blind detection of Rho_A and Rho_B, it can be estimated based on the received signal powers from different sets of REs.
· For the other interference parameters such as TM, CRS related information and PB, it is assumed that UE can acquire these information by network signaling and/or network coordination.
Furthermore, we evaluated the performance under TM4 with cell ID [0, 6, 1] with a set of interference profiles listed below. Detailed assumptions are shown in Annex.
· Interference profiles:  (1) INR1 = 7.77dB, INR2 = 2.29dB; (2) INR1 = 13.91dB, INR2 = 3.34dB
· Interference combinations:
 Table 1 Simulated combinations 
	TM
(Serving/I1/I2)
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS

	
	
	
	
	

	TM4/TM4/TM4

ON/OFF pattern
	1
	5
	1
	{5}

	
	
	
	
	{14}

	
	1
	14
	1
	{5}

	
	
	
	
	{14}

	
	2
	5
	1
	{5}

	
	
	
	
	{14}

	
	2
	14
	1
	{5}

	
	
	
	
	{14}


3 Simulation Results
In this contribution, we focus on the performance evaluation of R-ML receiver without losing the generality. Especially, three types of R-ML receiver are evaluated:
· Genie-aided R-ML receiver
· R-ML receiver with RI, PMI and MF (Modulation Format) blind detection, to evaluate the performance loss caused by RI, PMI and MF blind detection.
· R-ML receiver with RI, PMI and MF (Modulation Format) and EPRE Parameter Rho_A and Rho_B blind detection, to evaluate the additional performance loss caused by EPRE Parameter Rho_A and Rho_B blind detection.
· Additionally, the performance of MMSE-IRC receiver is also presented as a baseline receiver.

Firstly of all, the throughput performances of all cases are listed in Figure 1 to Figure 4.
· Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
· Figure 2: Performance under Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
· Figure 3: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
· Figure 4: Performance under Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
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Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 2: Performance under Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 3: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
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Figure 4: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
4 Observations
Based on the simulation results presented in Section 3, the performance gain of R-ML with and without blind detection under different interference profiles are summarized in Table 1 and Table 2 correspondingly. Furthermore, the average performance gain is also provided compared with the baseline receiver.

Table 1: Performance Gain under INR1 = 7.77dB, INR2 = 2.29dB
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR Gain @ 70% Throughput [dB] v.s. MMSE-IRC Receiver

	
	
	
	
	R-ML with 
Full Network Information
	R-ML with RI/PMI/MF 
Blind Detection
	R-ML with RI/PMI/MF/Rho_A/Rho_B
Blind Detection

	1
	5
	1
	{5}
	4.9
	4.5
	3.3

	
	
	
	{14}
	3.7
	3.2
	1.7

	1
	14
	1
	{5}
	3.3
	2.6
	1.3

	
	
	
	{14}
	2.3
	1.3
	0.3

	2
	5
	1
	{5}
	3.1
	2.1
	0.7

	
	
	
	{14}
	1.5
	0.6
	-0.5

	2
	14
	1
	{5}
	1.2
	0.1
	-1.0

	
	
	
	{14}
	0.3
	-0.3
	-1.3

	Average Gain v.s. MMSE-IRC Receiver
	2.5 
	1.8 
	0.6



Table 2: Performance Gain under INR1 = 13.91dB, INR2 = 3.34dB
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR Gain @ 70% Throughput [dB] v.s. MMSE-IRC Receiver

	
	
	
	
	R-ML with 
Full Network Information
	R-ML with RI/PMI/MF 
Blind Detection
	R-ML with RI/PMI/MF/Rho_A/Rho_B
Blind Detection

	1
	5
	1
	{5}
	8.4
	8.2
	7.8

	
	
	
	{14}
	8.8
	8.5
	4.1

	1
	14
	1
	{5}
	7.3
	6.9
	6.1

	
	
	
	{14}
	6.6
	5.7
	2.8

	2
	5
	1
	{5}
	7.8
	7.4
	6.9

	
	
	
	{14}
	6.5
	5.4
	2.1

	2
	14
	1
	{5}
	3.6
	2.4
	1.2

	
	
	
	{14}
	0.9
	0.3
	-0.4

	Average Gain v.s. MMSE-IRC Receiver
	6.2 
	5.6 
	3.8



Based on the results, for R-ML receiver with RI/PMI/MF blind detection, 
· Compared with genie-aided R-ML receiver, the performance loss is typically less than 1.0dB.
· Compared with genie-aided R-ML receiver, the average performance loss is 0.7dB and 0.6dB for two interference level correspondingly. And the maximum performance loss is 1.2dB.
· Compared with MMSE-IRC receiver, it still provides promising performance gain of 1.8 and 5.6 dB, respectively for two interference profiles.

Based on the results, for R-ML receiver with RI/PMI/MF/Rho_A/Rho_B blind detection,
· Compared with genie-aided R-ML receiver, there is significant performance loss caused by joint RI/PMI/MF and EPRE Parameter Rho_A and Rho_B blind detection. The average performance loss is 1.9dB and 2.4dB for two interference level correspondingly. 
· The performance of EPRE Parameter Rho_A and Rho_B blind detection is very sensitive to channel estimation of interference cell. In case of INR and SNR is in the similar range, the performance loss is most significant. The maximum performance loss could grow up to 4.4dB in the cases.
· Compared with MMSE-IRC receiver, there are some cases that performance loss up to -1.3dB is observed under low interference level case. Note that the interference level are developed based 5% cell edge UE. There will be significant UE suffer the lower interference level. Thus, potentially a certain portion of UEs may suffer the performance loss under lower interference.

Based on the analysis above, our observations and conclusion are:
· Observation 1: for R-ML receiver, the observed average performance loss caused by RI/PMI/MF blind detection is around 0.7dB (maximum loss is 1.2dB). Considering the acceptable significant performance loss, partial blind detection of RI/PMI/MF could be considered to minimize the network signalling and network coordination, and semi-static signalling could be further provided to reduce the UE implementation complexity.
· Observation 2: for R-ML receiver, the observed average performance loss caused by joint RI/PMI/MF and EPRE Parameter Rho_A and Rho_B blind detection is around 2.4dB (maximum loss is 4.4dB). Thus, either dynamic network signaling or semi-static network signaling can be provided for NAICS receiver to avoid the noticeable performance loss.
5 Conclusion
In this contribution, we investigate the performance of blind detection NAICS receiver, especially focusing on parameters RI, PMI, Modulation and EPRE Rho_A and Rho_B in this contribution.
Based on the simulation results, our observations are:
· Observation 1: for R-ML receiver, the observed average performance loss caused by RI/PMI/MF blind detection is around 0.7dB (maximum loss is 1.2dB). Considering the acceptable significant performance loss, partial blind detection of RI/PMI/MF could be considered to minimize the network signalling and network coordination, and semi-static signalling could be further provided to reduce the UE implementation complexity.
· Observation 2: for R-ML receiver, the observed average performance loss caused by joint RI/PMI/MF and EPRE Parameter Rho_A and Rho_B blind detection is around 2.4dB (maximum loss is 4.4dB). Thus, either dynamic network signaling or semi-static network signaling can be provided for NAICS receiver to avoid the noticeable performance loss.
6 Reference
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7 Annex
Table 5-1: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM4

	Transmission mode on Interference cell
	TM4

	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
	CRS-IC

	PMI
	Random PMI

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered
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