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1	Introduction
In 3GPP RAN #63 meeting, it was agreed to set up a work item targeted on specifying advanced non-linear receiver in Rel-12, based on the extensive study during study item. Consequently, RAN4 are expected to identify and agree on the parameter combinations that could be blindly detected, including:
· Presence or absence of interference 
· Transmission modes (TM)
· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern
· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)
In this paper, we provide our views and analysis on dynamic parameters for DMRS based TM, including 
· Presence or absence of interference 
· For DMRS-based TMs: DMRS ports, modulation order, nSCID
The analysis on dynamic parameters for CRS-based TM are provided in companion papers[1].
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 interference presence or absence
For blind detection of interference presence or absence, the estimation can be done based on the measured covariance matrix of received signal. 
Note that for the interference ON/OFF detection, it is not only to evaluate the performance loss caused by ON->OFF misdetection for R-ML receiver when interference presence, but also necessary to guarantee enough good performance of false alarm, i.e. OFF->ON misdetection, when interference is absence.
· Blind detection of modulation
For blind detection of Modulation, a similar classification algorithm as in [2] can be applied.
· Blind detection of DMRS ports and nSCID
Furthermore, we evaluated the performance under TM9 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

	
	
	
	
	

	TM9/TM9/TM9

ON/ON/ON 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 blind detection of modulation format 
· R-ML receiver with joint blind detection of modulation, interference presence, DMRS port and n_SCID.
· Additionally, the performance of MMSE-IRC receiver is also presented as a baseline receiver.

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 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
4 Observations
Based on the simulation results presented in Section 3, the performance for different receivers under different interference profiles are summarized in Table 1 . Furthermore, the average performance gain is also provided compared with MMSE-IRC receiver.

Table 1: Required SNR @ 70% Throughput [dB]
	INF Level 1 + Rank 1 INF
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}
	AVG Gain
	Max Gain

	MMSE
	5.7
	5.8
	12.6
	12.6
	
	

	R-ML without BD
	3.7
	5.0
	11.4
	12.3
	1.1
	2.1

	R-ML with MF BD (1RB)
	3.7
	5.4
	11.5
	12.7
	0.9
	2.1

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (1RB)
	3.7
	5.5
	11.5
	12.7
	0.8
	2.0

	R-ML with MF BD (3RB)
	3.7
	5.4
	11.4
	12.7
	0.9
	2.1

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (3RB)
	3.7
	5.4
	11.4
	12.7
	0.9
	2.1

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

	MMSE
	5.9
	5.9
	12.7
	12.7
	
	

	R-ML without BD
	5.0
	5.7
	12.5
	13.0
	0.3
	0.9

	R-ML with MF BD (1RB)
	5.0
	5.8
	12.5
	13.1
	0.2
	0.9

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (1RB)
	5.0
	5.9
	12.5
	13.1
	0.2
	0.8

	R-ML with MF BD (3RB)
	5.0
	5.9
	12.5
	13.1
	0.2
	0.9

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (3RB)
	5.0
	5.9
	12.5
	13.1
	0.2
	0.9

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

	MMS
	7.6
	7.7
	14.3
	14.3
	
	

	R-ML without BD
	3.9
	5.8
	10.9
	13.4
	2.5
	3.8

	R-ML with MF BD (1RB)
	3.9
	6.0
	11.2
	13.8
	2.3
	3.8

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (1RB)
	3.9
	6.0
	11.2
	13.8
	2.2
	3.7

	R-ML with MF BD (3RB)
	3.9
	5.9
	11.0
	13.6
	2.4
	3.8

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (3RB)
	3.9
	5.9
	11.0
	13.6
	2.4
	3.8

	INF Level 2 + Rank 2 INF
	MCS{5,5}
	MCS{5,14}
	MCS{14,5}
	MCS{14,14}
	AVG Gain
	Max Gain

	MMSE
	9.6
	9.6
	16.3
	16.3
	
	

	R-ML without BD
	5.1
	8.2
	13.6
	15.9
	2.2
	4.4

	R-ML with MF BD (1RB)
	5.2
	8.7
	13.8
	16.4
	1.9
	4.3

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (1RB)
	5.4
	8.7
	13.9
	16.4
	1.8
	4.2

	R-ML with MF BD (3RB)
	5.2
	8.6
	13.8
	16.3
	1.9
	4.3

	R-ML with MF+INF ON/OFF
+DMRS Port and nSCID BD (3RB)
	5.2
	8.6
	13.8
	16.3
	1.9
	4.3



Based on the results, it is observed that for TM9 2Tx case, 
· Compared with genie-aided R-ML receiver, blind detection of modulation format suffers marginal performance loss, i.e. up to 0.3dB in terms of average performance loss, under all simulated interference scenario.
· On top of modulation format blind detection, blind detection of interference presence, DMRS port and n_SCID doesn't show noticeable performance loss.
· BD with 3RB granularity and 1RB granularity doesn't show noticeable performance difference.
· In addition, Figure 5 provide the results when both interference cell are turn off. The results confirm no false alarm issue (i.e. OFF->ON misdetection) for interference absence detection.
· With joint blind detection of modulation, interference presence, DMRS port and n_SCID, R-ML receiver provide more than 4dB performance gain for high interference level and 2dB for low interference level with rank 1 case. compared with MMSE-IRC receiver.
· Noted, because both interference cell are turn on in simulation, the interference level seen by UE is underestimated, i.e. the interference level could be even higher in realistic network.

[image: ]
Figure 5: Performance when both interference cell are turn off

Based on the analysis above, our conclusion is:
Conclusion: for TM9-TM9 case with 2Tx case, the joint blind detection of modulation, interference presence, DMRS port and n_SCID is feasible, and R-ML receiver with blind detection still provide promising performance gain.
5 Conclusion
In this contribution, we investigate the performance of blind detection of dynamic parameters for TM9 mode, 
Our observations are: 
· Compared with genie-aided R-ML receiver, blind detection of modulation format suffer marginal performance loss, i.e. up to 0.3dB in terms of average performance loss, under all simulated interference scenario.
· On top of modulation format blind detection, blind detection of interference presence, DMRS port and n_SCID doesn't show noticeable performance loss.
· BD with 3RB granularity and 1RB granularity doesn't show noticeable performance difference.
· In addition, Figure 5 provide the results when both interference cell are turn off. The results confirm no false alarm issue (i.e. OFF->ON misdetection) for interference absence detection.
· With joint blind detection of modulation, interference presence, DMRS port and n_SCID, R-ML receiver provide more than 4dB performance gain for high interference level and 2dB for rank 1 with low interference level.

Based on the observation above, it is concluded for TM9-TM9 case with 2Tx case, the joint blind detection of modulation, interference presence, DMRS port and n_SCID is feasible, and R-ML receiver with blind detection still provide promising performance gain.
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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
	DMRS-IC

	PMI
	Random PMI

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered
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