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1	Introduction
In this contribution, according to the agreements and WF on NAICS from RAN1 74b [1][2], we provide TP on system-level modeling methodology for section 9 of TR36.866 [3]. The proposed link abstraction method is applied to system level simulations for the iterative R-ML receiver in the companion contribution [4].
2 Link Abstraction Method
The goal of physical layer link abstraction is to predict the BLER reliably using a good link-quality metric. The signal-to-interference-plus-noise ratio (SINR) is conventionally used to present the link-quality. However, there are two issues with using SINR for a link-quality metric in LTE systems. First, because the LTE downlink is based on wide-band OFDM transmission, a codeword of error control coding is carried by multiple subcarriers with various channel qualities due to the frequency selectivity. However, we may still want to find a metric with a small number of dimensions (i.e., a single entry or a small number of entries) to represent the link-quality of wide-band OFDM symbol for complexity reduction. One option is to use the capacity averaged over multiple subcarriers. It is known that this average (also known as ergodic) capacity can be achieved [5][6]. Second, since MIMO is adapted for LTE, the link quality of each layer heavily depends on how a receiver handles inter-layer interference. For example, the MMSE-IRC receiver treats inter-layer interference as a Gaussian signal. Thus, the SINR of each layer can be easily computed and used to represent per-layer link-quality. However, for non-linear ML receivers, per-layer SINR may not be a good metric because the ML receiver exploits the discrete nature of inter-layer interference. Thus, the performance of the ML receiver can be better than what is predicted using per-layer SINR-based prediction. Moreover, the iterative ML receiver in NAICS needs to handle more layers (considering the total number of serving and interference layers) than the conventional ML receiver does. Naturally, more gains of the iterative ML receiver can be observed with respect to the MMSE-IRC receiver under NAICS scenarios since the discrete and the coded natures are properly processed for more number of layers. Thus, it is essential to find a good metric that capture non-linear processing of iterative ML receivers.
2.1 Mutual Information
For NAICS, we consider the following system model 
	, 
	(1)


where  is a received vector,  and  are the serving and interference channel matrices, respectively,  and  are the transmitted symbol vectors with unit powers for the serving and the interfering cells, respectively, and  is a zero-mean circularly symmetric white Gaussian noise vector such that . The parameters and  represent the number of receive antennas, the number of serving layers, the number of interference layers, and the number of coded subcarriers. For simplicity, we assume that if multiple layers are transmitted for  and , then the same MCS is used for both codewords of  and . Thus, we only need to generate a single link-quality metric for serving signals and a single link-quality metric for interfering signals. We propose to use the mutual information for the link quality metric. With the subcarrier index omitted, using the chain rule of mutual information, the mutual information for the channel at a specific subcarrier can be decomposed as
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where  denotes the mutual information between  and , and  is a parameter to be chosen. In fact, the rate allocation for  and  should be done jointly because the multiple access channel rate region is given by [7]
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where  and  denote the achievable rate for  and , respectively.
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Figure 1 : The rate regions for  and 



Figure 1 shows the relation between the rates for  and . From this figure, it can be seen that the rates for  and  should be selected jointly. For the same reason, the link-quality metric based on the mutual information cannot be simply decoupled into two link-quality metrics, respectively, for serving signals and interfering signals. However, for any given ,  can be considered as a link-quality metric for serving signals and  can be considered as a link-quality metric for interfering signals because they determine the rates for serving signals and interfering signals, respectively. While any  can be chosen, we use  for our simulations. While the equations in (2) and (3) are for a given subcarrier, the same relations hold for the signals over multiple subcarriers. Using average mutual informations, the similar achievable rate regions are given [8]
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Thus, we propose to use  for a link-quality metric for serving signals and use  for a link-quality metric for interfering signals.
2.2 Gaussian Approximation for Mutual Information
[bookmark: _GoBack]Let us now examine how mutual informations of , , ,  can be computed. Ideally, the mutual information between the QAM input and the output of MIMO Gaussian channel would be used. However, the complexity for computation of these values is prohibitively high even for computer simulations. Thus, we can use the capacity formula for Gaussian input to approximately compute these four values. Assuming that the input signal distributions (both serving and interfering) are Gaussian, we can use the following equations for mutual information computation
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where  and .
 
2.3 BLER Table Construction
Using Gaussian approximation for input, a link-quality metric for serving signals is given by
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and a link-quality metric for interfering signals is given by
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We propose to build BLER look-up tables (LUT) based on link-level simulations given by
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where MCSs and MCSi denote serving MCS and interference MCS, respectively. This LUT needs to be built for all possible rank combinations for serving and interference signals. However, it does not need to be built for all precoding matrices because the effective channel matrices  and  that include precoding can be used. The system level simulations for iterative R-ML receiver in the companion contribution [4] used the BLER table constructed with . This BLER table construction naturally captures any suboptimality in detection and decoding of iterative R-ML receiver.
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