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1 Introduction
In 3GPP, significant efforts have been made to investigate the benefit of, so called, NAICS advanced receiver. According to multiple results from different companies, although the gain is varying depending on the assumptions, it is generally agreeable that NAICS receivers (e.g., E-LMMSE-IRC, R-ML, SLIC, CW-IC, etc) would provide considerable gains [1]. However, most results were generated from the assumption that a UE has all necessary information about interference signal. This would be difficult to assume in a real network deployment, and therefore it is necessary to study the feasibility of blind detection to avoid creating new control signals with high overhead. As noted in TR 36.866 v1.1.0 [1], 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.  
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. The interference PDSCH on each PRB or PRB-pair is dynamic in nature because interference can be on/off, correspond to different TM that is associated with different scheduled UE, or come from different neighboring cells. NAICS receivers need to detect at least interference on/off and estimate the interference channel. 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) 
· Note: There are 2 possible interference channels at each antenna port 
· 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)
· 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 addition to detecting at least interference on/off and estimate the interference channel, NAICS receiver may be further required to detect the following parameters (likely from a reduced subset of all possible values): TM of interference PDSCH, ρA, ρB/ρA, modulation order, PMI/RI (for TM4/6), and DMRS antenna ports+ nSCID +number of layers (for TM7/8/9), as well as additionally for TM10 the possible 
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used.
However, semi-static signaling of parameters related to interference PDSCH can be used to reduce the detection complexity and increase detection robustness [6]. Hence we proposed in [4] to consider the following neighboring cell’s parameters for higher layer signaling:

· Basic unit for RA, especially if multiple PRBs can be grouped together as a basic unit (e.g., RBG, PRG, subband)

· RA type, especially for type 0, as well as when only LVRB is used or even for DVRB but with the indication of semi-static selection of Ngap values

· TM(s), especially if it is a reduced set of all the TMs.

· All possible RRC-configured values for 
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 in the case of TM10, and cell-specific limitation of the number of layers or nSCID for DMRS-based TMs
· In addition to cell-ID, CRS ports, and MBSFN pattern, synchronization/deployment related parameters including the indication of whether the cell can be considered as synchronized with the serving cell (including slot alignment), CP length, and system bandwidth.
· CFI (if can be made static in a cell)
In addition, we propose in [5] that further network coordination on CFI alignment, TM, and RA granularity/type can be considered for higher-layer signaling with the benefit of receiver complexity reduction.

In other words, we think partially blind receivers can achieve a reasonable tradeoff between complexity and scheduling flexibility. We evaluate a partially blind R-ML receiver in TM4/6 in our companion paper [3]. We assumed the knowledge of TM6 interference and the PMI is limited to the codebook under 2-Tx eNB, via network assistance. We observed only small performance degradation with the partially blind R-ML receiver. Note that we also assumed known cell-ID and MSBFN pattern and 0dB for both ρB and ρA. Without network assistance, we expect further performance degradation and significant increase of receiver complexity.

In this document, we provide evaluation results of TM8/9 interference with interference on/off and modulation detection under the usual phase-1 interference profiles.
2 Performance
For TM9, we assume TM9 on both serving and interference cell (TM9 interference is known via network coordination and network assistance for instance), but the R-ML receiver detects from DMRS the presence/absence of interference on a per PRB-pair basis where the detection can be significantly simplified if the UE knows that interference is rank-1 on AP-7 (assumed in the simulation, otherwise detection/estimation on both AP-7 and AP-8 for both nSCID is needed). R-ML receiver further estimates the interference channel and modulation order if it positively detected the interference. With the detection, R-ML can then be applied.

We evaluate the throughput of PDSCH channel with the interference from PDSCH of neighbor cell. All results are under practical channel estimation on known DMRS. 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, and “TM_Mod det ” indicates the performance of R-ML with the blind detection of TM and modulation. 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 in [8].
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 and TM/modulation 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 and TM/modulation 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 and TM/modulation 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 and TM/modulation detection (phase-1 scenario, case0/2, MCS 14/14, Only the first intefering cell is ON)
Observation: Based on our current results of the partially blind R-ML receiver in phase-1 scenario, the performance degradation due to blind detection of interference on/off and modulation order seems to be reasonably small. The degradation seems to be higher when interference is stronger. 
3 Conclusions 
In this contribution, we provide evaluation results of TM8/9 interference with interference on/off and modulation detection under the usual phase-1 interference profiles. We presented the performance of LMMSE-IRC and R-ML receiver in low geometry under scenario 1.
Observation: Based on our current results of the partially blind R-ML receiver in phase-1 scenario, the performance degradation due to blind detection of interference on/off and modulation order seems to be reasonably small. The degradation seems to be higher when interference is stronger. 
Although the overall performance would depend on the receiver detection algorithm, it generally looks that on/off and modulation order detection in this setting (i.e., with network assistance on many other parameters) seems to be feasible with small performance degradation. Obviously, if the receivers must detect more conditions and/or parameters, it is expected that the complexity and performance degradation will increase significantly. Further evaluation is needed.
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