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1	Introduction
In 3GPP RAN4 #70Bis meeting, RAN4 made some substantial progress and identified a set of dynamic parameter combinations that could be blindly detected for CRS based TM and DMRS based TM under the assumption that remaining semi-static parameters, P_A and TM are known:
· CRS based TMs: Dynamic parameters namely Modulation, PMI, RI, presence of interferer can be jointly detected  for 2 CRS APs case under assumption that remaining semi-static parameters, P_A and TM are known and under scenarios studied  in RAN4
· Known parameters are assumed to be signaled or blindly detected correctly
· DMRS based TMs: Dynamic parameters namely Modulation, RI, DMRS ports, nSCID, and presence of interferer can be jointly detected for 2 DMRS ports (port 7 and 8) under assumption that remaining semi-static parameters and TM are known and under scenarios studied in RAN4
One of the remaining issue is the acquisition of CFI information, i.e. the start OFDM symbol for PDSCH. In this contribution, we provide our analysis on this open issues. 
2 Discussion
In RAN4 #70Bis meeting, several options on how to acquire CFI value has been discussed:
· Option 1: Rely on blind detection of PCFICH from neighbor cell
· Option 2: Rely on higher layer signaling from serving cell, or implicitly assume CFI is same between serving cell and interference cell
· Option 3: UE is only required to enable NAICS receiver on definitive PDSCH symbols and fallback to linear receiver on potential PDCCH symbols, e.g. 
· When BW NRB>=10RB, NAICS receiver is applied from 4th OFDM symbol
· When BW NRB<10RB, NAICS receiver is applied from 5th OFDM symbol
For option 1, although theoretically it is possible to detect PCFICH from neighbor cell, the detected CFI may not be true CFI even assuming perfect detection for certain cases.
· CFI mismatch scenario 1: interference cell is an Scell of CA deployment.
· CFI mismatch scenario 2: interference cell is a TM10 transmission.
In above cases, the actual CFI is indicated by RRC signaling, rather than PCFICH. Thus, it is impossible for UE to acquire it relying on blind detection only. In addition, additional performance loss caused by PCFICH detection error and additional UE processing complexity need to be considered as well.
For option 2, it is the perfect solution without any performance loss if the actual CFI value is not changed frequently in time domain in real network. The feasibility on network signaling or coordination is up to RAN1 decision.
For option 3, although it doesn't rely on neither any network signaling/coordination, nor UE blind detection processing, it may suffer some performance loss compared with option 2 since UE may not enable NAICS receiver on all PDSCH OFDM symbols.
To investigate the performance loss of option 3, we evaluate R-ML receiver performance of Option 2 and Option 3. In the simulation, both the desired signal and interfering signal is TM9 transmission. UE blindly detect TM, RI, modulation, DMRS ports and nSCID. Furthermore, the actual CFI value is set to 1. Details on simulation assumptions are shown in Annex A. 
The throughput performances of all cases are listed in Figure 1 to Figure 4 as shown below.
· 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
Furthermore, Table 1 summarizes the overall performance ( i.e. required SNR @ 70% throughput). Based on the results, it can be observed that 
Observation 1: Performance loss of assuming fixed CFI is up to 1.0dB in worst case, while the average performance loss is around 0.2dB and 0.5dB for interference level 1 and interference level 2 correspondingly. 
Based on the results above, it can be concluded that noticeable performance gain could be observed if CFI information is known by UE. However, if signaling/coordination solution (Option 2) is not feasible (which is up to RAN1 decision), the performance loss caused by fixed CFI solution (Option 3) may still in the acceptable range.
According to the analysis above, our preference is signaling/coordination solution (Option 2) or fixed CFI solution (Option 3), while the final decision is up to RAN1's discussion on the feasibility of signaling/coordination solution (Option 2).
Table 1: Required SNR @70% throughput
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14} 

	MMSE-IRC
	5.3 
	5.3 
	11.9 
	11.9 

	R-ML (CFI is known)
	3.3 
	5.0 
	10.7 
	12.1 

	R-ML (CFI is fixed to 3)
	3.6 
	5.1 
	10.9 
	12.0 

	R-ML (CFI is fixed to 4)
	3.7 
	5.1 
	11.0 
	12.0 

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

	MMSE-IRC
	5.5 
	5.5 
	12.0 
	12.0 

	R-ML (CFI is known)
	4.9 
	5.7 
	11.9 
	12.5 

	R-ML (CFI is fixed to 3)
	4.9 
	5.7 
	11.9 
	12.5 

	R-ML (CFI is fixed to 4)
	5.0 
	5.7 
	11.9 
	12.4 

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

	MMSE-IRC
	7.1 
	7.1 
	13.8 
	13.8 

	R-ML (CFI is known)
	3.6 
	5.7 
	10.3 
	13.1 

	R-ML (CFI is fixed to 3)
	3.9 
	5.8 
	11.0 
	13.3 

	R-ML (CFI is fixed to 4)
	4.1 
	5.9 
	11.3 
	13.3 

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

	MMSE-IRC
	9.1 
	9.1 
	15.6 
	15.6 

	R-ML (CFI is known)
	5.0 
	8.4 
	13.3 
	15.7 

	R-ML (CFI is fixed to 3)
	5.6 
	8.6 
	13.7 
	15.8 

	R-ML (CFI is fixed to 4)
	5.9 
	8.7 
	13.9 
	15.9 
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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

3 Conclusion
In this contribution, we discussed the open issue on CFI blind detection. Among the identified solutions, 
· Option 1: Rely on blind detection of PCFICH from neighbor cell
· Option 2: Rely on higher layer signaling from serving cell, or implicitly assume CFI is same between serving cell and interference cell
· Option 3: UE is only required to enable NAICS receiver on definitive PDSCH symbols and fallback to linear receiver on potential PDCCH symbols, e.g. 
· When BW NRB>=10RB, NAICS receiver is applied from 4th OFDM symbol
· When BW NRB<10RB, NAICS receiver is applied from 5th OFDM symbol
It is observed that performance loss of assuming fixed CFI is up to 1.0dB in worst case, while the average performance loss is around 0.2dB and 0.5dB for interference level 1 and interference level 2 correspondingly.
Thus, it is concluded that noticeable performance gain could be observed if CFI information is known by UE. However, if signaling/coordination solution (Option 2) is not feasible (which is up to RAN1 decision), the performance loss caused by fixed CFI solution (Option 3) may still in the acceptable range.
Based on the analysis above, our preference is signaling/coordination solution (Option 2) or fixed CFI solution (Option 3), while the final decision is up to RAN1's discussion on the feasibility of signaling/coordination solution (Option 2).
4 Reference
[1] N/A
5 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

	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 = 1

	PCFICH/PDCCH detection
	Not considered
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