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1. Introduction
The ultimate goal of NAICS SI is to improve the system performance by utilizing UE’s capability to suppress or cancel interference. In [1] and [2], a link-abstraction model was proposed for system performance evaluation of these advanced IC/IS receivers in SLS. This contribution presents our system-level simulation results for system with R-ML receivers based on the abstraction method in [1] and [2]. 
2. Link-abstraction Method for ML/R-ML Receivers  
ML type of receiver is well-known and has always been an implementation option in LTE in SU-MIMO rank-2 cases. Its application in inter-cell interference scenario is also straightforward. Note that the difference between ML and R-ML, as captured below from RAN4 agreed TP [3], lies on how LLRs are derived. ML derives LLRs based on the distances for all candidates of desired and interference symbols while R-ML can use a subset.
We can see that the application of ML/R-ML has the following receiver assumptions at a high level:
· On the desired data REs, the interference also presents itself as finite constellation (i.e., QPSK/QAM)

· Interference channel(s) can be estimated

The details of the used link-abstraction method for ML/R-ML receiver could be found in [1] and [2]. Here we briefly review the abstraction procedure. The general approach is to derive the mutual information per bit (MIB) on each RE of the PDSCH, and then averaged the MIB over all REs before mapping avg(MIB) to a BLER. In particular, our method is to estimate the received bit mutual information rate (RBIR) [1] of R-ML receiver, based on a weighting between the MIBs at a lower-bound and an upper-bound SNR. 
Suppose x1 is the desired layer and x2 is the interference layer. After whitening the noise, we could represent the received signal as: 
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By applying QR-decomposition to the equivalent channel matrix H, we have  
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where Q1  and Q2 are unitary matrices. Then the SNR upper and lower bounds are given by
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The mutual information per bit (MIB) of the R-ML receiver is approximated by a linear weighting of the MIBs at upper and lower bounds of the SNR, i.e., 
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where the function 
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maps one SNR value to the corresponding RBIR, and w is calibration factor that will be used to approximate the post-processing RBIR in the actual R-ML receiver. Given a MIMO channel realization (frequency-flat), we find out this optimal weighting factor w according to a pre-generated LUT, which is parameterized by (1) modulation and code-rate of desired signal, (2) the modulation order of interference, and (3) (α=|l22|/|l21|, β=|l11|/|l21|) that characterizes the channel matrix. By applying the optimal w to obtain MIBML on each subcarrier, the effective SNR is then given by the average of MIB as
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Finally the BLER is approximated by the BLER in SISO AWGN channel at SNR = SNReff.  
3. Simulation Results
We compare the performance of system with either MMSE-IRC receiver or R-ML receiver. The comparison is under the same packet arrival rate that leads to RU~=40% (or RU~=60%) assuming MMSE-receiver is used. Outer-loop link adaptation is applied and follows the settings shown in [4] (e.g., target 1st BLER for OLLA is 20%, step size is 1.0 for NACK).
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 decoded with the rank-1 desired signal. 
(3) For the rest of interference, the UE will try to suppress them in linear processing (i.e., same as MMSE-IRC). 
All the above assumptions meant to give a conservative evaluation of the R-ML receiver. Further improvement can be expected if we also consider iterative interference cancellation of rank-2 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 with 0.5 wavelength spacing; 4 Tx antennas
UE: XP with 0.5 wavelength spacing; 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


 Simulation results corresponding to different packet arrival rate (and according a RU level) are shown below. Statistics are collected after RU becomes stable. (Samples for the first 6000 subframes are discarded.)
	λ
	RU
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	1.75
	39.29%
	1.955
	0.424

	2.00
	52.40%
	1.536
	0.326

	2.50
	72.91%
	1.033
	0.203

	2.75
	79.28%
	0.917
	0.193


Table 1 Performance of MMSE-IRC receiver 
	λ
	RU
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	1.75
	33.51%
	2.33
	19.18%
	0.497
	17.22%

	2.00
	46.47%
	1.79
	16.54%
	0.368
	12.88%

	2.50
	67.33%
	1.19
	15.20%
	0.258
	27.09%

	2.75
	74.93%
	1.04
	13.41%
	0.211
	9.33%


Table 2 Performance of R-ML receiver and relative gain over MMSE-IRC receiver
From the results above, in general we observe 9%~27% improvement for the 5%-tile users. For average user throughput, we observed that the gain improved by R-ML receiver decreases as the system loading keeps increasing. Around 13%~19% gain for average user throughput is observed. In general, R-ML receiver brings significant gain over MMSE-IRC receiver if it is capable to jointly decode the strongest co-channel interference.   
4.  Conclusion
This contribution presents our system-level simulation results for system with R-ML receivers based on the abstraction method in [1] and [2]. We observed 9~27% gain on 5%-tile UEs and 13%~19% gain on cell average for RU within the range between 40% and 80%.. 
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