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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. A proper link-abstraction model is needed for system performance evaluation of these advanced IC/IS receivers in SLS. In this contribution, we provide a method to derive the effective SNR for R-ML receiver. This effective SNR value then can be used to predict BLER with R-ML receiver.
2. 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 [5], 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. 
ML-type of receivers is non-linear in nature. Three types of ML receivers are also identified:

· ML: 

· Full-blown joint detection of useful and interference signals in accordance to the ML criterion 
· Interference parameters that can enable interferer channel estimation and interferer detection at symbol level (e.g. modulation) are needed. 

· Reduced complexity ML (R-ML): 

· Reduced complexity joint detection of useful and interference modulation symbols in accordance to the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)

· Same interference knowledge as for ML

· Iterative ML and Iterative R-ML: 

· Iterative MAP detection and decoding of useful and interference signals. Both successive and parallel processing implementations may be applied.

· In addition to the interference knowledge needed for ML, interference knowledge that can enable code word demodulation and decoding is needed.
· Additionally, assumptions on network coordination may be necessary.
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 code structure of the interference needs to be known if it is to be exploited as in iterative ML/R-ML 

In the next section, we focus on the ML/R-ML receivers under the assumption of known 2x2 channel (e.g., one stream from desired and the other from interference). The modeling of channel estimation error will separately modeled. 
3. Link-abstraction for R-ML receivers 
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. 
Before presenting the detail procedures, we first formulate the signal model for the received signal though a 2-by-2 MIMO as follows. Suppose x1 is the desired layer and x2 is the interference layer.
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where Q1 is an unitary matrix which effectively projects H onto the desired signal space of h1. Q1 is not unique and one simple example of Q1 is given above. Alternatively, we can use another unitary matrix Q2 to project H onto the interference signal space of h2:
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Obviously, the SNR upper bound is the total desired signal power (i.e., with perfect cancellation of interference) and we can use 
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as a lower bound [2] (
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represents the power of the signal space orthogonal to the interference):
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Similar to the approach in [3], 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 run link-level simulations to get (SNR(i), BLER(i)) pairs over a range of SNR or BLER. With these actual data points, we search for an optimal w such that 
[image: image10.wmf]{

}

1()()

ML

maxlog((MIB))log(BLER)

ii

i

f

-

"

-

 is minimized over the range of BLER of interest (typically the “water-fall” region). In other words, we choose the optimal w to fit the BLER curve of the actual receiver performance. 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. 
An example, we show a SISO reference SNR vs. BLER curve in AWGN channel at MCS=16 (red curve in Figure 1), along with many (SNReff, BLER(i)) pairs generated for several random 2x2 channels. With appropriate choice of w for different channels, such mutual-information averaging approach seems to provide acceptable accuracy for SLS evaluation.
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Figure 1 and 2. Reference SNR-BLER curve and predicted effective SNR values with random MIMO channel realizations with resolution of w=0.01 (Figure 1) and 0.05 (Figure 2) 
We have shown in Figure 1 that with the right choice of w, decent curve fitting can be obtained for all kinds of channels. Figure 2 further shows that with some coarser w with a resolution of 0.05 the estimated effective SNR may introduce error less than [image: image14.png]


0.5 dB, which seems still acceptable. The remaining issue is how we build a look-up table (LUT) of w so that channels with similar “characteristics” maps to the similar w.  We observe that the following key parameters can be used to characterize w:

(1) The MCS of the desired layer (29 values)
(2) The modulation order of the interference layer (three values)
(3) The three parameters that adequately characterize the channel: inter-layer cross-talk l21, interference total power l22 , and remaining desired signal power after the interference-nulling projection l11. As an example, we can use the normalized pair (α=|l22|/|l21|, β=|l11|/|l21|) to characterize w. 
One is expected to get the range of the (α,β) first. Any 2x2 channel will map to a (α,β). The w corresponding to the closest to tabulated pair values will be chosen. The more (α,β) pairs we compute and store in the look-up table, the more precise we get for w. However, as shown above, a coarse resolution for w still gives decent BLER prediction accuracy. In our evaluation, 100 well-spaced (α,β) could be enough to characterize w for most random MIMO channel realizations, while the accuracy of w is preserved. The methodology is generic enough and can used to curve fit any SISO reference SNR-BLER curve obtained from a specific LLR computation algorithm and any specific MIMO algorithm. 
4. Conclusion 

In this contribution, we presented a link-abstraction method to predict BLER with R-ML receiver. This method derives 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 according to a SISO reference SNR-to-BLER curve. Our simulation results showed that a linear weighting between the MIBs at a lower-bound and an upper-bound SNR gives acceptable accuracy for SLS evaluation, where the weighting factor can be pre-calculated from a look-up table, classified according to 4 parameters, MCS of the desired layer, modulation order of the interference layer, and two parameters from the QR decomposition of the 2x2 channel. 
Proposal: A link abstraction model based on a linear weighting of two mutual information MI values at a lower and upper bound SNRs respectively, can be adopted for ML/R-ML receivers, where the weighting factor can be derived from a predetermined look-up table and parameterized by MCS of the desired PDSCH, modulation order of the interference, and two parameters derived from the QR decomposition of the channel matrix.
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