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1
Introduction
According to the agreements and WF on NAICS from RAN1 74b [1][2], each company is encouraged to provide details and link model parameters of the proposed modeling methodology, and validation results. In this contribution, we provide link-modeling parameters and the link-level simulation (LLS) results to verify the prediction accuracy of the proposed link abstraction method [3]. The proposed method can be applied to system level simulations for ML-based NAICS receivers such as ML and R-ML receivers. In the companion contributions [4][5], we provide system level simulation results of R-ML receiver based on the proposed link abstraction method.
2 Link Abstraction Method
In this section, we provide a brief review of the proposed link abstraction method for symbol level ML (SLML) receiver [3]. For more details, we refer the reader to [6]. Let us define
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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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where 
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denotes an effective channel matrix from BS 
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 to the desired UE, comprising distance dependent path loss, the actual channel matrix and precoding matrix, 
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denotes the additive noise vector whose elements are independent and identically-distributed (i.i.d.) complex Gaussian with variance 
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, and 
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 represents the total number of coded subcarriers. Without loss of generality, we assume that BS 
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 is the serving BS and BS 
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 is the interfering BS.
We consider the layer separation method proposed in [7], 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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where 
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 denotes the mean-squared error (MSE), for the v-th layer, given by
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where
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 denotes an identity matrix of size 
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-th diagonal element of a matrix.
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 (2) and (4) to an MIB value, respectively, as 
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and
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where 
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denotes the MIB mapping function of SNR 
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 for the involved modulation level 
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 under the assumption of AWGN channel and 
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 represents the modulation level of v-th layer from BS i, denoted by
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Then, the post-MLD MIB, denoted by
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, can be approximated by a linear combination of MIB of the two bounds as follows
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Note that the combining parameter 
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 and in this contribution, we use the term interference-to-signal ratio (ISR) instead of signal-to-interference ratio (SIR) to emphasize that the achievable MIB of MLD-based NAICS receiver increases proportionally to the ISR rather than the SIR. 
Here, motivated by the Chernoff bound expression on pair-wise error probability in Rayleigh fading channels, we define  as follows:
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where
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By the definition of  
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 in (8), 
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 ranges between 0 and 1. In [3], we showed that the optimal 
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 is well approximated by a single constant value for low ISRs and increases linearly to one as 
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 grows. In particular, the optimal 
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behavior can be modeled by the following piecewise approximation
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where 
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are link modeling parameters for optimization.
We notice that the simplification of modeling
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 in low ISR region can be justified by the fact that as shown in the [6], the accuracy of layer separation based on (7) becomes less sensitive to combining parameter 
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since by definition the lower bound 
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in the low ISR region. In other words, the equation (7) suggests that the three values
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 become asymptotically the same with decreasing 
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. It is also worthwhile to note that the tuning procedure can cause the resultant tuned 
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 to be smaller than zero due to the non-ideal implementations of detection and decoding, especially at low ISRs. Again, even in the case of negative
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 at the low ISRs.
3 Link Model Training and Validation Results
In this section, for validation purposes, we will look at BLER curve under instantaneous channels and make comparison between BLERs obtained from Monte Carlo simulations and predicted by the proposed link abstraction 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. We consider TM9 2-by-2 MIMO LTE system with a bandwidth of 10MHz in EVA channel. 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. 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). 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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[3] and the actual BLER obtained from link-level simulations. 
Table 1 lists the tuned parameters
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 for representative combinations of the serving layers, denoted by Md1 and Md2, and the interfering layers, denoted by Mi1 and Mi2. The corresponding curves of 
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 are illustrated in Figure 1. In Figure 2 to 8, we provide simulation results to verify the prediction accuracy of the proposed approach. For each case, we randomly generate 8 OFDM channels (depicted using 8 different colors) with the EVA model and compare, for each instantaneous channel, the predicted BLER (depicted by the asterisks) estimated by the proposed link abstraction method with the actual BLER (depicted by the circles) obtained from 10000 Monte Carlo simulations. It can be seen from the figures that while the BLERs of the different instantaneous channels are spread over a wide range of SNR, the proposed method can accurately estimate the BLER performance of given instantaneous channel. This means that the proposed link abstraction model can reflect the quality of the instantaneous link with high accuracy and guarantee high reliability in system-level studies of LTE. 
Table 1 : Trained Link model parameters
	Rank
	Modulation level (MCS)
	Model Parameters

	Serving
	Interfering
	Serving {Md1, Md2}
	Interfering { Mi1, Mi2}
	yo
	y1
	βmin

	1
	1
	4QAM (9)
	4QAM
	-1.09
	1.17
	-0.05

	
	
	16QAM (10)
	4QAM
	-1.22
	1.24
	-0.25

	
	
	64QAM (17)
	4QAM
	-0.50
	1.42
	-0.11

	1
	2
	4QAM (9)
	4QAM
	4QAM
	-1.16
	1.00
	-0.30

	
	
	16QAM (10)
	4QAM
	4QAM
	-1.20
	0.92
	-0.26

	2
	1
	4QAM (9)
	4QAM
	4QAM
	-1.00
	0.99
	-0.02

	
	
	16QAM (10)
	4QAM
	4QAM
	-1.20
	0.92
	-0.08


Figure 1 : Trained Link model parameters
[image: image69.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Trained Link model parameters

ISR

k,v



(ISR

k,v

)

 

 

M

d

1

=4,M

i

1

=4

M

d

1

=16,M

i

1

=4

M

d

1

=64,M

i

1

=4

M

d

1

=4,M

i

1

=4,M

i

2

=4

M

d

1

=16,M

i

1

=4, M

i

2

=4

M

d

1

=4,M

d

2

=4,M

i

1

=4

M

d

1

=16,M

d

2

=4, M

i

1

=4

Equal Power Region


Figure 2: Prediction Accuracy for Md1 = 4QAM and Mi1= 4QAM
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Figure 3: Prediction Accuracy for Md1= 16QAM and Mi1= 4QAM
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Figure 4: Prediction Accuracy for Md1= 64QAM and Mi1= 4QAM
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Figure 5: Prediction Accuracy for Md1= 4QAM, Mi1= 4QAM and Mi2= 4QAM
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Figure 6 : Prediction Accuracy for Md1= 16QAM, Mi1 = 4QAM and Mi2= 4QAM
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Figure 7: Prediction Accuracy for Md1= 4QAM, Md2= 4QAM and Mi1= 4QAM
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Figure 8: Prediction Accuracy for Md1= 16QAM, Md2= 4QAM and Mi1= 4QAM
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4 Conclusion

In this contribution, we provided some link model parameters of the proposed modelling methodology and corresponding validation results. The simulation results show that the proposed method can accurately estimate the BLER performance of given instantaneous channels, which proved that the proposed method can provide an accurate phy-layer abstraction as a link-to-system interface in system-level simulations.
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