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1 Introduction
In the approved status report for the NACIS study item (RP-132108 [1]), the following guidance was given:

Based on RAN#62 discussion, RAN1 and RAN4 should have the following focus and target completion at RAN#63: 

· (RAN1) Identify the interference transmission parameters for signaling and those for receiver detection, based on the following studies and the trade-offs: 

· Receiver performance and complexity, with and without network assistance (RAN4)

· Feasibility of assistance signaling and system performance that takes into account corresponding signaling overhead (RAN1) 

· Network performance evaluation if any network coordination is assumed that introduces scheduling constraints (RAN1).

As noted in TR 36.866 v1.1.0 [2], currently there is no consensus on the feasibility and performance of blind detection receivers. There was also varying degree of performance degradation from minimal to noticeable, comparing blind detection receivers with genie-aided receivers, also depending on operation assumptions.  
There are many interference-related parameters to estimate if not assisted by network (refer to [3] for detailed discussion). Interference PDSCH on each PRB or PRB-pair is dynamic in nature (i.e., interference potentially on/off, different TM corresponding to different target UE, transmission from different neighboring cell). Hence the UE must process the signal on a per PRB or PRB-pair basis without any resource allocation information.  Even though it is difficult to dynamically signal from a serving cell’s PDCCH any of the dynamic parameters of interference PDSCH, serving cell semi-static signaling of parameters related to interference PDSCH can reduce the detection complexity and increase detection robustness [5]. In other words, partially blind receivers with semi-static network assistance may achieve a reasonable tradeoff between complexity and scheduling flexibility,  
In this contribution, we provide some evaluation results for a partially blind R-ML receiver operating in TM4/6 (2-Tx)  (see our companion paper [4] for performance results for a partially blind R-ML receiver operating in TM9),
2 Network assistance assumptions
In order to apply any of the NAICS receivers, at least some knowledge of the interference PDSCH transmission parameters is needed on a per-PRB or PRB-pair basis (i.e., dynamically), and the knowledge includes:  

· Estimated interference channel corresponding to the interference PDSCH, including the status  of interference presence/absence and the associated TM (Note: required for all NAICS receivers)

· Modulation order of interference PDSCH (Note: for non-linear receivers such as ML or SLIC)

· Presence of CRS or not, including 

· Number of CRS ports 

· CRS sequences (based on Cell-ID)

· MBSFN subframe pattern 

· Coding information and C-RNTI (Note: required by receivers that attempt to decode the interference PDSCH)
In order to estimate the interference channel corresponding to the interference PDSCH, including the status of interference presence/absence and the associated TM, we observe the following: 

·  TM of the interference PDSCH is needed.   

· In the case of DMRS based TM8/9/10 for interference PDSCH, interference detection and its corresponding channel estimation can be performed on antenna port 7 and 8 (assuming <=2 layers) on a PRB-pair basis. 

· For TM8/9 with DCI format 2B or 2C, the two possible DMRS sequences at each port are determined by cell-ID and  nSCID (0 or 1) 
· For TM10 with DCI format 2D, the two possible DMRS sequences at each port are determined by one of two higher-layer configured values of 
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(i=0 or 1 as indicated by nSCID)
· Note: There are 2 possible interference channels at each antenna port 
· Due to possible CRS power boosting, data RE within OFDM symbols containing CRS can have a different EPRE than that of DMRS. Hence, the ratio of data RE EPRE to CRS ERPE within each OFDM symbol containing CRS (i.e., ρB) is needed.  
· In the case of CRS based TM2/3/4/6, an estimation of the channel to eNB antenna port 0&1 (2 Tx) or 0-3 (4-Tx) based on corresponding CRS needs to be performed first.

· For TM4/6, additional PMI information is needed to derive the effective channel corresponding to the interference PDSCH.

· For TM2/3, rank-1 or 2 information is needed

· Note: Estimation must be on a per-PRB basis in the case of DVRB, as opposed to PRB-pair basis in the case of LVRB. 

· The ratios of data RE EPRE to CRS ERPE within and not within OFDM symbols containing CRS (i.e., ρB and ρA, respectively) are needed.
· In the case of DMRS based TM7 for the interference PDSCH, interference detection and its corresponding channel estimation can be performed on antenna port 5

· Note: Estimation must be on a per-PRB basis in the case of DVRB, as opposed to PRB-pair basis in the case of LVRB. 
Since we focus on CRS-based mode in this paper, we assume the following knowledge obtained from, for example, network assistance:
· 2-Tx CRS and no MBSFN subframes
· Cell-ID of the two neighboring cells
· TM6 only (i.e., RI=1)
· LVRB
· ρB and ρA are 0dB
It means that the UE blindly detect PMI and the on/off of interference PDSCH on each PRB pair.  
3 Performance
The R-ML receiver includes the following processing:
· TM6 for both desired and interference PDSCH is assumed 

· Practical channel estimation based on desired cell CRS and neighbor cell CRS
· CRS-IC of interference cell based on practical channel estimation 
The label “IRC” in the following plots indicates the performance of LMMSE-IRC, “R-ML (genie)” indicates the performance of R-ML with genie-based information, “PMI/on/off” indicates the performance of R-ML with the blind detection of PMI and interference on/off on a per-PRB-pair basis, and “PMI/modulation/on/off” indicates the performance of R-ML with the blind detection of PMI, modulation, and interference on/off on a per-PRB-pair basis.. In the title of each figure, “MCS x/y” means that MCS x and MCS y is used in the serving and interfering cell, respectively. The “case” in the title is defined as:
	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


Table 1.  Link level settings for low SINR
Please be noted that the fixed interference status is used in simulations. The first strongest interference is always ON, and the other is always OFF. Some selected throughput performances vs. Es/Noc with the different working assumptions are illustrated in Fig. 1~4. The key assumptions used for each figure are described in the captions.
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Figure 1. Performance of R-ML with genie-aided, PMI/on/off detection and PMI/modulation/on/off detection (phase-1 scenario, case 0/2, MCS 5/5, Only the first intefering cell is ON)
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Figure 2. Performance of R-ML with genie-aided, PMI/on/off detection and PMI/modulation/on/off detection (phase-1 scenario, case 0/2, MCS 5/14, Only the first intefering cell is ON)
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Figure 3. Performance of R-ML with genie-aided, PMI/on/off detection and PMI/modulation/on/off detection (phase-1 scenario, case 0/2, MCS 14/5, Only the first intefering cell is ON)
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Figure 4. Performance of R-ML with genie-aided, PMI/on/off detection and PMI/modulation/on/off detection (phase-1 scenario, case0/2, MCS 14/14, Only the first intefering cell is ON)
Observation:
Based on the results so far for MCS5 and MCS14 and under a single always-on interference, the partial blind R-ML has noticeable performance degradation when blindly detecting PMI and interference presence/absence. Compared to the performance of genie-aided R-ML, the loss of R-ML with PMI/on/off is about 2dB. When modulation order is blindly detected in addition, there can be some additional loss (up to 1dB in the worse case).
4 Conclusions 
In this contribution, we provided some evaluation results for a partially blind R-ML receiver operating in TM4/6 (2-Tx). The receiver performance of LMMSE-IRC and R-ML in low geometry is presented and we have following observation:
Observation:
Based on the results so far for MCS5 and MCS14 and under a single always-on interference, the partial blind R-ML has noticeable performance degradation when blindly detecting PMI and interference presence/absence. Compared to the performance of genie-aided R-ML, the loss of R-ML with PMI/on/off is about 2dB. When modulation order is blindly detected in addition, there can be some additional loss (up to 1dB in the worse case).

Based on the above simulation results, we propose:
Proposal: The performance degradation so far is noticeably larger (up to 2~3dB from genie-aided case) than that in DMRS-based TM interference scenarios, for a partially blind R-ML with blind detection of interference PMI (2-Tx codebook only), modulation order and its presence. More evaluations and further studies are needed especially if there are more parameters to be blind detected (e.g., TM).
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