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1. Introduction
Many companies had already shown significant gain for NAICS receivers over MMSE-IRC receivers during NAICS SI phase. This contribution investigates if the CSI feedback could be further enhanced to provide system gain. 
2. CSI feedback for NAICS receivers
In principle, system throughput gain is expectable if IC/IS gain can be properly reflected through CSI feedback so that eNB can choose a proper MCS to match the channel condition at demodulation-phase. However, the performance of NAICS receivers depends on not only the interference characteristics (e.g., the power strength, the modulation order, and the precoder used by co-channel inter-cell interference) but also how reliable a receiver can detect/estimate the transmission parameters of interferers that are not signaled. Therefore one challenging issue for the enhancement of CSI feedback is how a UE predicts the demodulation quality while interference characteristic is supposed to vary dynamically. 
NAICS study item concluded that it is desirable to detect a number of unknown transmission parameters associated with interference signal. Even with higher layer signaling assistance [3], UE still have many hypotheses to be tested and detection error will be very common.  Under such detection uncertainty, it is more challenging for a UE to further predict interference cancellation performance, even if the interference condition does not change.
A reliable CSI estimation could be based on some predefined conditions on interference characteristics and UE reports additional CSI under those conditions. Then eNB can judge if such CSI should be adopted by checking if the predefined conditions are met or not. However, in scenarios with inter-cell interference, it might be difficult for eNB to know whether the predefined conditions are met or not at receiver-side.
3. Simulation Results
In this contribution we present our simulation results to see how different CSI prediction approaches at the receiver affect the system performance, especially for the case of RML receiver. We assume that the transmission parameters, including PMI, MOD, etc are known at CSI measurement phase. Note we do not assume these parameters associated with interference are unchanged at CSI measurement phase and demodulation phase.
In our simulation, R-ML algorithm is applied only for the following two cases: 
(1) Rank-2 SU-MIMO;
(2) Desired signal is rank-1 and the strongest “ON” interference signal could be either rank-1 or rank-2. For the rank-2 inter-cell interference, only one of the two interference layers is jointly processed with the rank-1 desired signal in R-ML. 
For the rest of interference or the second layer of a rank-2 transmission, the UE will try to suppress them in linear processing (i.e., same as MMSE-IRC). 

We also assume that a victim UE can reliably detect the presence/absence of the strongest interference. Other simulation assumptions are listed in the table below.
	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: XP; 2 Tx antennas
UE: XP; 2 Rx antennas

	Deployment scenario
	Homogeneous network with ITU UMa

	UE inddor/outdoor distribution
	80% indoor 

	Traffic model
	FTP traffic model

	UE moving speed
	3 km/h

	MIMO scheme
	SU-MIMO 

	Scheduling algorithm
	Proportional fair

	Control delay (scheduling, AMC)
	5 ms

	HARQ 
	IR

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1

	Channel estimation
	Non-ideal

	IRC receiver covariance estimation
	Non-ideal covariance matrix modeled by Wishart distribution

	TM of PDSCH 
	TM10 is assumed with CSI feedback based on CSI-RS (for channel part) and IMR (for interference part)

	Overhead of RS and PDCCH
	PDCCH (3 symbols per subframe)
DM-RS (12 REs per PRB)

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs


Here we compare the system performance under R-ML receiver but with two CSI feedback mechanisms: CQI as predicted by a MMSE-IRC receiver and CQI as predicted for a RML receiver. CQI prediction under R-ML is based on the principle of the highest two CQIs but still results in 10% or lower predicted BLER when these two CQI are used. Note that the demodulation is always based on RML. Only the relative performance is reported here for two different CQI reporting methods. The gain of RML over MMSE-IRC has reported before and thus not the focus here.
The comparison is under two cases: (1) full-buffer traffic and (2) the same packet arrival rate that leads to RU=40% assuming MMSE-receiver is used. R-ML performance evaluation is based on the methods proposed in [1] and [2]. Outer-loop link adaptation is applied. (Target 1st BLER for OLLA is 10%, and step size is 0.25 for NACK).
	CSI feedback type
	Ave. cell throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	MMSE-based CSI
	1.94
	-
	0.0498
	-

	RML-based CSI
	1.86
	-4.1%
	0.0459
	-7.8%


Table 1 Performance under full-buffer-traffic (10 users per cell)
	CSI feedback type
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	MMSE-based CSI
	2.079
	-
	0.427
	-

	RML-based CSI
	1.948
	-6.3%
	0.435
	+1.8%


Table 1 Performance under FTP traffic (RU~=40%)
From the results above, around 4~6% performance degradation is observed for average throughput. Even though MMSE-IRC based CQI derivation is believed to give more conservation prediction, the system performance is actually quite robust after OLLA. CSI feedback delay, which causes mismatch of predicted CQI and actual interference condition, could be a key reason for such performance degradation, since RML decoder is quite sensitive to the accuracy of channel and noise estimation. We did observe that RML-based CQI is usually equal to or higher than the MMSE-based CQI, which is expected. It is unclear if there are generally over-estimated or it is just the mismatch that caused the degradation.  
Based on the fact that even MMSE-IRC based CQI still give a good gain and the current observation that a supposedly more accurate CQI even degrades the performance slightly, it is not clear that any CSI enhancement is needed at least in Rel-12 for NAICS receivers.      
Proposal:
No CSI enhancement for NAICS receivers in Rel-12.
4.  Conclusion
This contribution presents our system-level simulation results comparing the system performance with two CSI feedback mechanisms. Based on the fact that even MMSE-IRC based CQI still give a good gain and the current observation that a supposedly more accurate CQI even degrades the performance slightly, it is not clear that any CSI enhancement is needed at least in Rel-12 for NAICS receivers.     
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