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1	Introduction
In 3GPP RAN4 #70Bis meeting, RAN4 identified and agreed on the following dynamic parameter combinations that could be blindly detected for DMRS based TM under the assumption that remaining semi-static parameters, P_A and TM are known, including:
· Presence or absence of interference
· RI and Modulation
· DMRS ports, nSCID
In this paper, we provide our further analysis on the feasibility of TM blind detection and the blind detection performance under 4Tx case when desired signal is DMRS based TM mode. 
In this contribution, we provide our analysis on these two aspects above. 
2 Blind Detection of DMRS-based TM mode
For TM blind detection, when desired signal is DMRS based TM mode, e.g. TM9, UE at least need to detect
· Whether interference is DMRS-based TM mode.
· If no, then at least UE can fallback to linear receiver as baseline behavior and guarantee no performance loss compared with Rel-11 MMSE-IRC receiver.
· If yes, then UE can continue the detection of other parameters, e.g. DMRS related information and so on.
In this section, we evaluated the TM blind detection performance for two aspects:
· When interference is DMRS-based TM mode, whether UE can correctly detect it and enable NAICS receiver
· When interference is CRS-based TM mode, whether UE can correctly detect it and fallback to MMSE-IRC  receiver.
Detailed assumptions are provided in Annex A.
For interference is configured with TM9 case, the blind detection performance is shown in Figure 1 to Figure 4 in Annex B. And Table 1 summarized the required SNR @70% throughput for the simulated cases. It can be observed that no additional performance loss is observed for the TM blind detection.
For interference is configured with TM4 case, the blind detection performance is shown in Table 2. For R-ML without TM BD receiver, it is assumed that UE always fallback as MMSE-IRC receiver. It can be observed that the additional performance loss is less than 0.05dB for all cases.
Therefore, it can be concluded, 
Observation 1: when serving cell is configured with TM9, the performance loss caused by DMRS-based TM blind detection is neglectable.

Table 1: Required SNR @70% throughput when interference cell is TM9
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE-IRC
	5.7 
	5.7 
	12.6 
	12.6 

	R-ML without BD
	3.7 
	5.0 
	11.4 
	12.3 

	R-ML with MF+INF ON/OFF BD
	3.8 
	5.5 
	11.5 
	12.7 

	R-ML with TM+INF ON/OFF+MF BD
	3.8 
	5.5 
	11.5 
	12.7 

	INF Level 1 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE-IRC
	5.8 
	5.8 
	12.8 
	12.8 

	R-ML without BD
	5.2 
	5.8 
	12.5 
	13.0 

	R-ML with MF+INF ON/OFF BD
	5.3 
	6.0 
	12.5 
	13.1 

	R-ML with TM+INF ON/OFF+MF BD
	5.3 
	6.0 
	12.5 
	13.1 

	INF Level 2 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE-IRC
	7.5 
	7.6 
	14.4 
	14.5 

	R-ML without BD
	3.9 
	5.8 
	10.9 
	13.4 

	R-ML with MF+INF ON/OFF BD
	4.0 
	6.0 
	11.2 
	13.8 

	R-ML with TM+INF ON/OFF+MF BD
	4.0 
	6.0 
	11.2 
	13.8 

	INF Level 2 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE-IRC
	9.5 
	9.5 
	16.4 
	16.4 

	R-ML without BD
	4.9 
	8.3 
	13.5 
	16.0 

	R-ML with MF+INF ON/OFF BD
	5.6 
	8.9 
	13.9 
	16.4 

	R-ML with TM+INF ON/OFF+MF BD
	5.6 
	8.9 
	13.9 
	16.4 



Table 2: Required SNR @70% throughput when interference cell is TM9
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	R-ML without BD
	5.57 
	5.64 
	12.44 
	12.57 

	R-ML with TM+INF ON/OFF+MF BD
	5.60 
	5.63 
	12.44 
	12.57 

	INF Level 1 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	R-ML without BD
	6.92 
	6.95 
	13.78 
	13.78 

	R-ML with TM+INF ON/OFF+MF BD
	6.95 
	6.96 
	13.79 
	13.79 

	INF Level 2 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	R-ML without BD
	7.49 
	7.56 
	14.32 
	14.39 

	R-ML with TM+INF ON/OFF+MF BD
	7.51 
	7.58 
	14.31 
	14.41 

	INF Level 2 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	R-ML without BD
	10.58 
	10.61 
	17.47 
	17.52 

	R-ML with TM+INF ON/OFF+MF BD
	10.61 
	10.61 
	17.47 
	17.53 



3 Blind Detection Performance under 4Tx case
In this section, we provide the simulation results to verify the blind detection performance under 4Tx when desired signal is DMRS based TM mode. 
In Annex C Figure 5 to Figure 8, the blind detection performance of TM9 mode is presented. In the simulation, UE blindly detect TM, interference presence, RI, Modulation, DMRS port and also nSCID. Detail simulation assumption is shown in Annex A.
Furthermore, Table 3 summarized the required SNR @70% throughput of blind detection performance correspondingly. Based on the results, it is observed that
Observation 2: For the blind detection of TM9 interference under 4Tx case, it is still feasible to blindly detect the same set of information as 2Tx case.

Table 3: Required SNR @70% throughput for TM9 blind detection performance under 4Tx case
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE
	6.5 
	6.5 
	13.5 
	13.5 

	R-ML without BD
	4.0 
	5.6 
	12.0 
	13.2 

	R-ML with TM+INF ON/OFF+MF BD (1RB)
	4.2 
	6.0 
	12.1 
	13.5 

	INF Level 1 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE
	7.8 
	7.8 
	14.9 
	14.9 

	R-ML without BD
	7.0 
	7.6 
	14.7 
	15.1 

	R-ML with TM+INF ON/OFF+MF BD (1RB)
	7.2 
	8.0 
	14.8 
	15.4 

	INF Level 2 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE
	8.2 
	8.2 
	15.3 
	15.3 

	R-ML without BD
	4.4 
	6.2 
	11.5 
	14.2 

	R-ML with TM+INF ON/OFF+MF BD (1RB)
	4.5 
	6.5 
	11.9 
	14.5 

	INF Level 2 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE
	11.6 
	11.5 
	18.5 
	18.5 

	R-ML without BD
	6.7 
	10.6 
	16.0 
	18.3 

	R-ML with TM+INF ON/OFF+MF BD (1RB)
	7.7 
	11.2 
	16.6 
	18.7 



4 Conclusion
In this contribution, we investigate the feasibility of TM blind detection and the blind detection performance under 4Tx case when desired signal is DMRS based TM mode. Our observations are:
Observation 1: When serving cell is configured with TM9, the performance loss caused by DMRS-based TM blind detection is neglectable.
Observation 2: When serving cell is configured with TM9, for the blind detection of TM9 interference under 4Tx case, it is still feasible to blindly detect the same set of information as 2Tx case.

5 Reference
[1] N/A
6 Annex A: Simulation Assumption
 Table 7-1 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 7-2: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM9

	Transmission mode on Interference cell
	TM9, TM4

	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: Blind Detection Performance of DMRS based TM
[image: ]
Figure 1: Performance under TM9 Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 2: Performance under TM9 Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 3: Performance under TM9 Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
[image: ]
Figure 4: Performance under TM9 Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB

8 Annex C: Blind Detection Performance under 4Tx case[image: ]
Figure 1: Performance under 4Tx TM9 Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 2: Performance under 4Tx TM9 Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 3: Performance under 4Tx TM9 Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
[image: ]
Figure 4: Performance under 4Tx TM9 Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
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