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1
Introduction
To comprehensively study the performance gain of NAICS receiver, RAN4/RAN1 are required to evaluate the potential gain of NAICS receiver over Rel-11 MMSE-IRC receiver by both link level evaluation and system level simulation (SLS) [1]. Especially, system level evaluation will provide a whole picture of performance gain under the realistic interference environment. Various NAICS receiver types can be divided into three categories:

· Interference Suppression (IS) receivers

· LMMSE-IRC/E-LMMSE-IRC

· WLMMSE-IRC

· Maximum-likelihood (ML) receivers

· ML/Reduced-ML (R-ML)

· Iterative-ML/R-ML

· Interference Cancellation (IC) receivers

· L/SL/ML-CWIC

· PIC

According to the recent email discussion on receiver assumption, complexity and abstraction, many companies expressed interest in system level studies of R-ML. To this end, this contribution describes a link abstraction method to estimate the block error rate (BLER) of symbol level ML (SLML) receiver. The proposed method then can be applied to system level simulations for ML-based NAICS receivers such as ML and R-ML receivers. In the companion contributions [2] and [3], we provide the preliminary system level simulation results of R-ML receiver based on the proposed link abstraction method. 
2 Link Abstraction Method
Traditionally, signal-to-interference-plus-noise ratio (SINR) is used as a representative output to obtain an instantaneous BLER. Taking account of the fact that the coded bits transmitted by LTE MIMO-OFDM systems are spread over different subcarriers and spatial layers, link abstraction method of MIMO-OFDM systems can be composed of two stages, namely, the layer separation in the MIMO system and effective SINR mapping (ESM) in the OFDM block. First, at each OFDM subcarrier, we derive a post-processing SINR for each spatial layer of a MIMO system with SLML and then utilize mutual information per coded bit (MIB) metrics to convert a set of different post-processing SINRs, obtained over the frequency-selective coded OFDM system, into a single MIB. We note that this work is focused on the MIB metric rather than Shannon capacity and received bit information rate (RBIR). This MIB value is used to predict instantaneous BLER of MIMO-OFDM systems. Meanwhile, we use as the reference curves the BLER curves obtained with the modulation and coding schemes (MCSs) under additive white Gaussian noise (AWGN) channel. In this contribution, we do not go into details of the proposed method. For more details, we refer the reader to [4]. 
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as the Nr-dimensional complex received signal vector by the desired UE at the subcarrier k. In the presence of single dominant interfering signal, 
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can be written as
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denote an effective channel matrix comprising distance dependent pathloss, the actual channel matrix and precoding matrix, respectively, from the serving and the interfering BS to the desired UE.  
Let 
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denote the v-th element of signal vector
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indicate the m-th bit of constellation symbol
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. Then, by extending the results in [5], the mutual information of the bit channel for 
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 can be evaluated as
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 indicates the channel transition probability under the assumption of NAICS systems.
Finally, we arrive at the MIB of v-th layer at the k-th subcarrier given by
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The equations (2) and (3) will generate the exact MIB for each subcarrier k. However, the main problem with this approach is that when evaluating mutual information values in (3), the number of search candidates grows exponentially with the number of transmit antennas and/or bits per symbol, which is prohibitively complex for practical use in SLS. In the following sections, we consider a simple and computationally efficient approach for estimating the MIB of each spatial layer in MIMO systems.

2.1 Layer separation
In this section, as the first stage of link performance abstraction of MIMO-OFDM systems, we present a new approach to the layer separation that derives a post-processing SINR of each spatial layer for MIMO systems with SLML detection. 
The post-processing SINR of each spatial layer in MIMO systems is dependent on the used detection algorithm. In the case of MIMO systems with linear receivers such as minimum mean-squared error (MMSE) and zero-forcing (ZF) receivers, the post-processing SINR is readily given by the output SINR. However, when it comes to the ML receiver, it is not straightforward to calculate the post-processing SINR since the MLD-based demodulation is a nonlinear process. We consider the layer separation method proposed in [6], where the post-MLD SINR is calculated as a function of the post-MMSE receiver SINR and the genie-aided interference-free (IF) receiver SINR. 
As to unbiased MMSE receiver, the post-processing SINR of the v-th layer on the k-th subcarrier can be expressed as
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 denotes the mean-squared error (MSE), for the v-th layer, given by
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Figure 1: Probabilistic Behavior of Optimal over the ISR for 
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In comparison, the post-MLD SINR can be upper-bounded by the genie-aided IF receiver and the corresponding SINR of the layer v can be represented as
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The lower and upper bounds to the post-processing MIB, denoted by 
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, can be given by mapping the corresponding SINR bounds (4) and (6) to an MIB value, respectively, as 
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where for notational brevity, we omitted the subscript v, i.e., [image: image33.png]Mew = Mlew
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Then, the post-MLD SINR can be modeled by using the combining ratio β as
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where we use the subscript ISR in order to emphasize the dependency of β on the ISR. In this contribution, we use the term interference-to-signal ratio (ISR) instead of signal-to-interference ratio (SIR) to emphasize that as will become clear later in this contribution, the achievable MIB of MLD-based IAC receiver increases proportionally to the ISR. Recall that the previous approach proposed in [6] assumed the combining parameter β to remain fixed for the involved MCS. 
In order to characterize the probabilistic behavior of optimal 
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over the ISR in Equation (9), we apply Monte-Carlo simulations to obtain the exact MIB 
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from Equation (2) and (3). We also compute the corresponding two bounds 
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, respectively, from (7) and (8). Then, we can find the optimal 
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 value which satisfies (9). We present the numerical results for the case of 
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= 4QAM in Figure 1. Here, motivated by the Chernoff bound expression on pair-wise error probability in Rayleigh fading channels, we define [image: image45.emf] as follows:
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where
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By the definition of  [image: image48.emf] in (10), [image: image49.emf] ranges between 0 and 1. Figure 1 shows that the optimal 
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is well approximated by a single constant value for low ISRs and increases linearly to one as [image: image51.emf] grows. The observation suggests that the combining parameter 
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needs to be adaptively chosen according to the instantaneous [image: image53.emf]. In particular, the optimal 
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behavior can be approximated by the following piecewise approximation, represented by the solid blue line in Figure 1,
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where 
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are link abstraction model parameters for optimization.
2.2 Effective SINR mapping (ESM) 
As one codeword in a coded OFDM system is transmitted over the subcarriers which have different channel gains, we require ESM to map the post-processing MIB values across the subcarriers into a single SINR value, which is then used to estimate instantaneous BLER of the link by looking up the AWGN reference curve. Link performance abstraction is given as a function of MIB values 
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across the subcarriers belonging to one codeword. Once the (per-layer) post-MLD MIB values 
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Then, the output MMIB 
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 can be inversely mapped to get the effective SINR
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Finally, the estimate of BLER can be obtained by mapping 
[image: image65.wmf]eff

SINR

 to BLER via looking up the AWGN look-up table
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where 
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 is the mapping function which is specific to the involved MCS and code length. The mapping functions need to be acquired in advance from link-level simulation (LLS) over AWGN Channel for the all specific conditions of interest.
3 Link Model Training and Numerical Results
In this section, we evaluate the performance of the proposed ISR-adaptive link abstraction method to demonstrate the efficacy of our proposed method. To this end, we need to find the best model parameters
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 by training the proposed link abstraction model under the SLML receiver with TM9 2-by-2 MIMO configuration specified for LTE systems. The aim of link model training is two-folded. On one hand, the training is considered as a process of tuning the model parameters to capture non-ideal effects in the link performance abstraction, including non-linear MMIB procedure in the equations (12) and (13) and non-Gaussian interference against use of AWGN reference curves in (14). On the other hand, the training aims to avoid overestimation of link performance, taking into account practical implementation issues in the SLML receiver. For example, in order to reduce the receiver complexity, we assume that the max-log approximation is applied both for demodulation and decoding so that we can avoid the logarithm of a sum of exponential functions in computation of log-likelihood ratio (LLR). In this case, the link abstraction based on the theoretical MIB given by (3) will overestimate link performance. As a result, the training allows the link abstraction model to have the best model parameters for minimizing the error between the estimated BLER 
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 given by Equation (14) and the actual BLER obtained from link-level simulations. 
The tuned parameter 
[image: image74.wmf]tuned

ISR

b

 will be obtained through numerical fitting. The details are as outlined by the pseudo-code shown in Algorithm 1. 
Algorithm 1: Link Model Training
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Here, the simulated BLER, denoted by
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, is obtained by Monte-Carlo simulation from LLS over the SNR region of interest 
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 of 100 randomly generated OFDM channel realizations
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. In order to avoid exhaustive search over the entire search space 
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, we apply an iterative 2D-directed search method followed by 3D-directed search. Each step of 2D search consists of searching nine locations, around the point 
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 to find the location with the minimum MSE and make it the new origin, denoted as 
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 but with the fixed step size
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An example illustration of the trained link model 
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Figure 2: Trained Link model parameters
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plots corresponding to the conventional static approach [6]. It is worthy of noting that the two lines of adaptive and static model parameters intersect each other in an equal power region around
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. This observation tells us that the conventional static approach tends to find the parameter optimal for the case of
ISR = 0 dB, i.e., 
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The optimal parameters 
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 would guarantee that with increasing number of channel realizations and noise realizations for the Monte-Carlo simulations, the simulated BLER converges asymptotically to the predicted BLER, i.e.,
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In what follows, we will compare the predicted 
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Algorithm 2: Link Performance Abstraction
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Figure 3 and 4 compare the prediction accuracy of the proposed approach with that of the conventional approach [6] for the SLML receiver, where the BSs use a combination of 
[image: image121.wmf]1

MCS

= 9 and 
[image: image122.wmf]2

c

M

= 4QAM, and 
[image: image123.wmf]1

MCS

= 17 and 
[image: image124.wmf]2

c

M

= 16QAM, respectively. The AWGN reference curve plots the mapping function 
[image: image125.wmf](

)

1

,

MCS

SINR

LUT

eff

AWGN

 while each blue dot marks the coordinate of 
[image: image126.wmf](

)

monte

eff

BLER

SINR

,

 for a different channel realization. Therefore, the accuracy of the abstraction can be measured by the difference between 
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, the more accurate prediction is achieved by the link abstraction method. As can be seen the figure, significant improvements of prediction accuracy can be obtained by the proposed ISR-adaptive approach. 
Figure 3: Prediction Accuracy of the proposed adaptive approach for 
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Figure 4: Prediction Accuracy of the proposed adaptive approach 
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Although extended simulation results for arbitrary numbers of transmission layers are not presented in this paper due to the lack of space, they show that the presented approach works well for those cases, e.g., 
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4 Conclusion

In this contribution, we provided a link abstraction method to estimate the block error rate (BLER) of symbol level ML (SLML) receiver. The proposed link abstraction method is applied to system level simulations for R-ML receiver in the companion contributions [2] and [3].
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