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1 Introduction
In the new study item, network-assisted interference cancellation and suppression (NAICS), the performance of advanced receivers are currently being studied in RAN4. There have been significant discussions especially on the potential receiver types and the performance with and without network assistance.
As a follow-up of our previous Phase-1 evaluation, in this document, the performance of reduced complexity ML (R-ML) receiver in phase-1 with blind estimation is presented. The performance of LMMSE-IRC and R-ML receiver is compared under low geometries in scenario 1 (homogeneous network). Note that there are multiple interference-related parameters to estimate (if not provided by eNB), e.g. number of antenna ports, transmission mode (TM), scheduling information, and interference modulation order, etc. However in this work, we focus on the blind estimation of interference presence (i.e., whether there is any PDSCH scheduled/allocated at interfering cells) at each PRB and the modulation order. Note that since blind detection is at each PRB of the desired PDSCH, the UE does not try to detect the allocation size for each PDSCH. We further assume TM is known and in particular, both desired and interference PDSCH uses TM9 in our evaluation.
The estimation process utilizes the samples in a PRB only, i.e. PRB-based estimation is performed. MCS 5 and 14 is used in the serving cell with QPSK/16QAM/64QAM in the interfering cell. We reported the results under fixed on/off pattern defined in phase-1 in order to allow us to focus on the impact of detection error, and not to complicate the observations with link adaptation behaviors of phase-2. The details of ‘phase-1’ scenario can be found in [1,2]. The agreed interference profiles are:
	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 (scenario 1)
Note that only for the presentation purpose, a case ID is defined in Table 1. Ideal CRS cancellation was assumed. Also the fixed interference status of (ON/OFF) is used, i,e, the first strongest interference is always ON, and the other is always OFF. It was observed that the overall trends of case 1 is similar and generally in between those of case 0 and case 2. So, we present the performance of only case 0 and 2.
2 Performance
We consider only TM9 on both serving and interference cell, and evaluate the throughput of PDSCH channel with the interference from PDSCH of neighbor cell, where we assume rank-1 TM9 transmission from both the desired and interference cell. All the results are under practical channel estimation on known DMRS. The label “IRC” in the following plots indicates the performance of LMMSE-IRC, and “R-ML” indicates the performance of R-ML with genie-aided case, i.e. the modulation order and PRB allocation is known to UE. Similarly, the label “mod” indicates the performance of R-ML with blind detection of modulation, and “scheduling+mod” indicates the performance with the estimation of both the presence of interference (PRB scheduling/allocation) and modulation. 
2.1 MCS 5 in the serving cell
The throughput performance of LMMSE-IRC and R-ML vs. Es/Noc are illustrated in Fig. 1-3 for the case 0 and 2 defined in Table 1. MCS 5 was used in the serving cell.
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Figure 1. Performance of R-ML with blind estimation ( QPSK(MCS5)  interference is used)
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Figure 2. Performance of R-ML with blind estimation ( 16QAM(MCS14)  interference is used)
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Figure 3. Performance of R-ML with blind estimation ( 64QAM(MCS25)  interference is used)
Observation 1: When MCS 5 is used in the serving cell with fixed (ON, OFF) interference pattern, R-ML can still perform reasonably well with the degradation of up to 1.5dB under blind detection of modulation order, and up to 2dB with detection of interference presence and modulation order simultaneously. R-ML still outperforms LMMSE-IRC receiver by a large margin in most cases. 
2.2 MCS 14 in the serving cell
Similarly, the throughput performance of LMMSE-IRC and R-ML are illustrated in Fig. 4-6 when MCS 14 is used in the serving cell.
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Figure 4. Performance of R-ML with blind estimation ( QPSK(MCS5)  interference is used)
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Figure 5. Performance of R-ML with blind estimation ( 16QAM(MCS14)  interference is used)
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Figure 6. Performance of R-ML with blind estimation ( 64QAM(MCS25)  interference is used)
Observation 2: When MCS 14 is used in the serving cell with fixed (ON, OFF) interference pattern, R-ML can still perform reasonably well with the degradation of maximum ~2dB under blind detection of the modulation order, and ~3dB with detection of interference presence and modulation order simultaneously. R-ML still outperforms LMMSE-IRC receiver by a large margin in most cases.
However, even though the results showed some robustness of R-ML receivers to blind detection of interference presence and modulation order, and it is still promising to deliver a sizeable gain over LMMSE-IRC, we have to also recognize the performance degradation which may be further reduced if these information can be signaled or detected more reliably. For example, the detection here is on a PRB pair basis, not over the entire interference PDSCH. On the other hand, if interference PDSCH allocation is known/signaled, the additional overhead of signaling its modulation order or even MCS may not incur much additional overhead compared to the overhead of signaling interference PDSCH allocation. More study is needed on different trade-offs. 
3 Conclusions 
In this contribution, we discussed our evaluation results on the receive performance with blind estimation of interference modulation and its presence at each PRB level. All tests were done with the interference characteristics defined in Phase-1. We presented the performance of LMMSE-IRC and R-ML receiver in low geometry under scenario 1. The observations include:
Observation 1: When MCS 5 is used in the serving cell with fixed (ON, OFF) interference pattern, R-ML can still perform reasonably well with the degradation of up to 1.5dB under blind detection of modulation order, and up to 2dB with detection of interference presence and modulation order simultaneously. R-ML still outperforms LMMSE-IRC receiver by a large margin in most cases.
Observation 2: When MCS 14 is used in the serving cell with fixed (ON, OFF) interference pattern, R-ML can still perform reasonably well with the degradation of maximum ~2dB under blind detection of the modulation order, and ~3dB with detection of interference presence and modulation order simultaneously. R-ML still outperforms LMMSE-IRC receiver by a large margin in most cases.
We also recognized that, even though R-ML is still promising with sizeable gain over LMMSE-IRC under blind detection of some parameters, the performance degradation is still non negligible and may be further reduced if these information can be signaled or detected more reliably.
Based on the observations, we propose:
Proposal 1: The performance of R-ML receiver with blind estimation should be further studied in both link and system level, especially in terms of the trade-off between performance loss and signalling/coordination complexity, with RAN1 focusing on signaling/coordination feasibility and system level performance impact from scheduling constraint and RAN4 on blind detection feasibility and link performance degradation modeling. 
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