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1 Introduction
In 3GPP RAN4 #71, a LS to RAN1 was agreed. Many items were agreed including the signaling of cell ID, cell-specific PDSCH-to-CRS EPRE, etc [1]. However, there are still outstanding issues including:
· ZP and NZP CSI-RS configuration
· PDSCH starting OFDM symbol
· QCL information if interference is TM10
· Mixed TM scenarios. 
· Non-colliding CRS pattern for the dominant interferer
· Randomized interference model
· 4 CRS APs for CRS-based TMs

In this document, we discuss only the last item, i.e. 4 CRS antenna ports (AP) for CRS-based transmission modes (TM). We discuss the feasibility of blind detection with 4 CRS APs. In 4x2 setup, the number of PMIs in the codebook increases, which makes the detection complexity a potential concern. Also, the performance could further degrade due to the potentially higher misdetection probability. In this document, putting aside the complexity aspect, we discuss only from the performance perspective.
From the blind detection perspective, another potential issue with 4 APs is the ambiguity of resource element (RE) mapping. With 4 CRS APs, the ambiguity of RE mapping arises especially in TM2 and TM3 interference. TM2 interference detection could become tricky especially when it is used as a fallback transmission mode in TM10. This issue apparently happens especially when CSI-RS patterns are not known. As this issue is closely related with the signaling of CSI-RS configuration, we don’t deal with this specific issue in the current document. 

In TM3 with 4 APs, 8 REs are required to fully cycle through the allowed 4 precoders, and this causes an ambiguity in terms of “starting precoder index” at each PRB subcarrier boundary. This needs to be handled carefully, and we provide our test results on this issue. 

We assume the static parameters (such as cell ID, CFI, CRS AP, etc) are known to UE. The interference parameters that are detected include TM, PMI, RI, modulation order, and scheduling (i.e., on/off). The ratio of data RE EPRE to CRS ERPE within each OFDM symbol is assumed to be known to UE. We use the usual scenario in the simulation, i.e. TM4/4/4, TM2/3/2, and two ‘always ON’ interfering cells with the usual phase-1 interference profiles [2]. 
Table 1. Link level settings for low SINR (scenario 1)
	Min SINR [dB]
	Max SINR [dB]
	Loading
	I1/Noc Percentile
	I1/Noc [dB]
	I2/Noc [dB] (median)
	Case ID

	-3.70
	1.14
	40 %
	20 %
	3.28
	0.74
	0

	
	
	
	50 % 
	7.77
	2.29
	1

	
	
	
	80 %
	13.91
	3.34
	2

	
	
	60 %
	20 %
	1.94
	-0.56
	3

	
	
	
	50 %
	6.33
	0.76
	4

	
	
	
	80 %
	12.33
	1.67
	5


2 Performance
The general assumptions are:
· Cell-IDs are known, so are antenna ports, MBSFN pattern, normal CP which is the same for all cells, and cell synchronization in terms of OFDM symbol timing and frequency and also slot and SFN aligned.
· Cell ID=0, 6, 1 for serving cell, I1 and I2 as agreed. 
· Aligned CFI 

· PA =0, PB =1
· LVRB resource allocation
· UE detects only CRS-based TM
The labels in the figures indicate:
· IRC :  Performance of LMMSE-IRC
· R-ML (Genie) : Performance of R-ML with genie-based information. This always handles I1 only.
· Blind : Detection of TM/PMI/RI/MOD/SCHED. This scheme dynamically detects the strongest interference and all other necessary parameters, namely TM/PMI/RI and modulation order (MOD) and whether interference is scheduled or not (SCHED). Proper receive processing that utilizes the detection results follows.
Selected throughput performances vs. Es/Noc with the different working assumptions are illustrated in Fig. 1-2.
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Figure 1. Performance of blind detection (4x2, case 1/2, TM2/3/2, MCS 5/5/5)
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Figure 2. Performance of blind detection (4x2, case 1/2, TM4/4/4, rank1/1/1, MCS 5/5/5)
Observation #1: It seems that the above-mentioned ambiguity in TM3 can be resolved with blind detection. Considerable gain is still observed in TM2/3/2 scenario with 4x2 setup. 
Observation #2: Despite the large number of possible precoders in 4 AP codebook, considerable gain is also observed in TM4/4/4 scenario. 
Observation #3: This contribution presented only the performance related simulation results. In the absence of any aid from the eNB in the form of a subset restriction of the PMI, the complexity of this approach would be prohibitive. Thus we recommend that the network signals a PMI subset restriction to help reduce UE complexity.
3 Conclusions 
In this contribution, we provide more evaluation results with the blind detection of multiple necessary parameters under the usual phase-1 interference profiles. We studied TM3 and TM4 interference detection in 4x2 setup. Although the detection complexity would increase with 4 CRS APs, blind detection seems to be still feasible at least from the performance perspective. 
Observation #1: It seems that the above-mentioned ambiguity in TM3 can be resolved with blind detection. Considerable gain is still observed in TM2/3/2 scenario with 4x2 setup. 
Observation #2: Despite the large number of possible precoders in 4 AP codebook, considerable gain is also observed in TM4/4/4 scenario. 
Observation #3: This contribution presented only the performance related simulation results. In the absence of any aid from the eNB in the form of a subset restriction of the PMI, the complexity of this approach would be prohibitive. Thus we recommend that the network signals a PMI subset restriction to help reduce UE complexity.
Based on our results, we think that 4x2 setup is another valid use case of NAICS advanced receiver. Extra information for the interfering cells such as precoder restriction would definitely help reducing the UE’s complexity. 
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