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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 CRS based TM under the assumption that remaining semi-static parameters, P_A and TM are known, including:
· Presence or absence of interference
· RI/PMI/Modulation
In this paper, we provide our further views and analysis on the feasibility of TM blind detection and the impact of resource allocation granularity when desired signal is CRS based TM mode. 
For TM blind detection, when desired signal is CRS based TM mode, e.g. TM4, TM2, UE at least need to detect
· Whether interference is DMRS-based TM mode.
· If yes, then at least UE can fallback to linear receiver as baseline behavior and guarantee no performance loss compared with Rel-11 MMSE-IRC receiver.
· Whether the interference is TM2, TM3 or TM4, if interference is not DMRS-based TM mode.
· Note, TM1 and TM5 is not considered as a typical network operation here. Thus, TM1 and TM5 are not included in TM detection set in this paper. For TM6, it is considered as a subset of TM4.
In this contribution, we provide our analysis on these two aspects above. 
2 Blind Detection of DMRS-based TM mode
In RAN4 #70bis meeting, it has been confirmed the blind detection of DMRS-based TM mode is feasible when both serving cell and interference cell is DMRS mode. However, there is no study on the detection performance when desired signal is CRS based TM. In this case, the DMRS RE of interference cell is colliding with the data RE of desired signal. Thus, the blind detection performance may be worse than the case that desired signal is DMRS-based TM mode. In Annex B Figure 1 to Figure 4, the blind detection performance of DMRS-based TM mode is shown. Detailed assumptions are provided in Annex A.
· For R-ML without TM BD receiver, it is assumed that UE always fallback as MMSE-IRC receiver.
· For R-ML with TM BD, if DMRS mode interference is detected, UE fallback as MMSE-IRC receiver. Otherwise, UE will turn on R-ML receiver, and continue to detect the exact TM (TM2/3/4) and the remaining required information.
Table 1 summarized the required SNR @70% throughput for the simulated cases. It can be observed that when interference to signal ratio (ISR) decreases (i.e. the SNR increases), the blind detection performance of DMRS based TM worsen. Especially, for the cases with 16QAM for serving cell, the performance loss is more than 1.0dB in most cases and up to 2.1dB in worst case.
Observation 1: when serving cell is configured with TM4 (especially with 16QAM), the performance loss caused by DMRS-based TM blind detection is more than 1.0dB and up to 2.1dB in worst case.

Table 1: Required SNR @70% throughput
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	R-ML without TM BD
	5.0 
	5.0 
	12.1 
	12.1 

	R-ML with TM BD (1RB)
	5.1 
	5.2 
	12.9 
	13.1 

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

	R-ML without TM BD
	4.2 
	4.2 
	11.3 
	11.3 

	R-ML with TM BD (1RB)
	4.4 
	4.4 
	12.2 
	12.4 

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

	R-ML without TM BD
	8.7 
	8.7 
	15.9 
	15.8 

	R-ML with TM BD (1RB)
	8.8 
	8.9 
	16.9 
	17.3 

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

	R-ML without TM BD
	7.6 
	7.6 
	14.8 
	14.8 

	R-ML with TM BD (1RB)
	7.8 
	7.8 
	16.5 
	16.9 



3 Blind Detection of TM2, TM3 and TM4
In this section, we discuss the issue on TM2, TM3 and TM4 blind detection. Since TM2, TM3 and TM4 is corresponding to different spatial multiplexing scheme, UE need to distinguish whether interference is TM2, TM3 or TM4 for further interference signal processing. The error detection may significantly impact the overall NAICS receiver performance since it may leads to the wrong effective channel estimation. 
In Annex C Figure 5 and Figure 6, the blind detection performance of TM2 mode is presented. In Annex C Figure 7 and Figure 8, the blind detection performance of TM3 mode is presented. Detail simulation assumption is shown in Annex A.
· Desired signal is TM4 Rank 1 transmission
· In Figure 5 and Figure 6, interference signal is TM2 transmission. 
· In Figure 7 and Figure 8, interference signal is TM3 transmission.
Furthermore, Table 2 and Table 3 summarized the required SNR @70% throughput for TM2 and TM3 blind detection performance correspondingly. Based on the results, it is observed that
· Observation 2: For the blind detection of TM2, the additional performance loss is up to 0.6dB, on top of modulation format and interference presence blind detection.
· Observation 3: For the blind detection of TM3, the additional performance loss is up to 2.1dB, on top of modulation format and interference presence blind detection.

Table 2: Required SNR @70% throughput for TM2 blind detection performance
	INF Level 1 + TM 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 
	AVG Gain
	Max Gain

	MMSE 
	5.5 
	5.5 
	12.3 
	12.3 
	　
	　

	R-ML without BD
	4.4 
	5.2 
	11.8 
	12.3 
	0.5 
	1.1 

	R-ML with INF/MF BD
	4.4 
	5.5
	11.8 
	12.4 
	0.4 
	1.1 

	R-ML with TM/INF/MF BD
	4.8 
	5.8 
	12.4 
	13.0 
	-0.1 
	0.8 

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

	MMSE 
	9.3 
	9.3 
	16.0 
	16.0 
	　
	　

	R-ML without BD
	4.0 
	8.0 
	13.1 
	15.6 
	2.5 
	5.3 

	R-ML with INF/MF BD
	4.0 
	8.6 
	13.2 
	16.1 
	2.2 
	5.3 

	R-ML with TM/INF/MF BD
	4.1 
	8.7 
	13.4 
	16.4 
	2.0 
	5.2 



Table 3: Required SNR @70% throughput for TM3 blind detection performance
	INF Level 1 + TM 3 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 
	AVG Gain
	Max Gain

	MMSE 
	5.5 
	5.5 
	12.3 
	12.3 
	　
	　

	R-ML without BD
	4.5 
	5.3 
	11.8 
	12.3 
	0.4 
	1.0 

	R-ML with INF/MF BD
	4.5 
	5.6 
	11.8 
	12.5 
	0.3 
	1.0 

	R-ML with TM/INF/MF BD
	5.6 
	6.3 
	12.9 
	13.2 
	-0.6 
	-0.1 

	INF Level 2 + TM 3 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 
	AVG Gain
	Max Gain

	MMSE 
	9.3 
	9.3 
	15.9 
	15.9 
	　
	　

	R-ML without BD
	3.9 
	8.2 
	13.3 
	15.6 
	2.4 
	5.4 

	R-ML with INF/MF BD
	4.0 
	9.1 
	13.3 
	16.2 
	2.0 
	5.3 

	R-ML with TM/INF/MF BD
	6.1 
	9.9 
	15.2 
	16.9 
	0.6 
	3.2 


4 Impact of Resource Allocation Granularity
In RAN4 70Bis meeting, it was agreed that interference parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS. In this section, we discuss and evaluate the impact of resource allocation granularity. 
In Annex D Figure 9 and Figure 10, the blind detection performance of 1 PRB pair and 3 PRB pair granularity is presented, when both desired signal and interfering signal is TM4 Rank 1transmission. In simulation, UE blindly detected interference presence, RI, PMI and modulation. And Table 4 summarized the required SNR @70% throughput correspondingly. 
Table 3: Required SNR @70% throughput (1 PRB pair vs 3 PRB pair)
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE 
	5.5 
	5.6 
	12.3 
	12.3 

	R-ML without BD
	2.1 
	3.7 
	9.9 
	11.0 

	R-ML with BD (1 PRB Pair)
	2.8 
	5.0 
	10.8 
	12.2 

	R-ML with BD (3 PRB Pair)
	2.3 
	4.5 
	10.2 
	11.8 

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

	MMSE 
	9.4 
	9.4 
	16.1 
	16.1 

	R-ML without BD
	1.9 
	4.1 
	9.3 
	12.3 

	R-ML with BD (1 PRB Pair)
	2.3 
	5.1 
	10.0 
	13.8 

	R-ML with BD (3 PRB Pair)
	2.0 
	4.4 
	9.4 
	12.9 



Based on the results, it is observed that
· Observation 4: On the impact of resource allocation granularity, 3 PRB pair granularity shows noticeable performance gain (at around 0.4dB~0.9dB) in most cases over 1 PRB pair granularity.

5 Conclusion
In this contribution, firstly we investigate the performance of TM blind detection when desired signal is CRS based TM mode, e.g. TM4 Rank 1 transmission. According to the evaluation results, the observations are:
Observation 1: For the blind detection of TM9, the performance loss caused by DMRS-based TM blind detection is more than 1.0dB and up to 2.1dB in worst case when serving cell is 16QAM transmission
Observation 2: For the blind detection of TM2, the additional performance loss is up to 0.6dB, on top of modulation format and interference presence blind detection.
Observation 3: For the blind detection of TM3, the additional performance loss is up to 2.1dB, on top of modulation format and interference presence blind detection.
Based on the observations above, information on which TMs should be considered for UE blind detection would be useful in UE side. Therefore, our proposal is 
Proposal 1: In case of desired signal is CRS based TM, higher layer signalling on which TMs to be detected should be provided for NAICS receiver to reduce the performance loss of blind detection and UE implementation complexity.
Furthermore, the impact of resource allocation granularity on blind detection performance is also evaluated. It is observed that
Observation 4: On the impact of resource allocation granularity, 3 PRB pair granularity shows noticeable performance gain (at around 0.4dB~0.9dB) in most cases over 1 PRB pair granularity.
In addition, a larger resource allocation granularity can significantly reduce UE processing complexity and power consumption. Although the noticeable benefit is observed for further frequency bundling, there is a concern that the it may limit the network scheduling flexibility and system performance may degrade if a larger RA granularity (e.g. 1 RBG) is mandatory for NAICS receiver. However, at least whenever a larger resource allocation granularity can be guaranteed by network without limiting scheduling flexibility, it is always beneficial to indicate the information to UE. So, our proposal on resource allocation granularity is
Proposal 2: To reduce UE implementation complexity and improve blind detection robustness, it is beneficial to indicate the larger resource allocation granularity (e.g. 1 RBG) whenever it can be guaranteed by network without impacting scheduling flexibility (e.g. if interfering cell is configured with 1 RBG scheduling strategy).
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7 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
	TM4

	Transmission mode on Interference cell
	TM9, TM2, TM3, 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



8 Annex B: Blind Detection Performance of DMRS based TM

[image: ]
Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
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
9 Annex C: Blind Detection Performance of TM2 and TM3
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Figure 5: Performance under TM2 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 6: Performance under TM2 interference and INR1 = 13.91dB, INR2 = 3.34dB
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Figure 7: Performance under TM3 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 8: Performance under TM3 interference and INR1 = 13.91dB, INR2 = 3.34dB
10 Annex D: Impact of Resource Allocation Granularity
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Figure 9: Performance under TM4 Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 10: Performance under TM4 Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
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