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1 Introduction

In RAN#59, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression was approved [1]. The main objective of this SI is to identify advanced receiver structures that can be used for co-channel interference mitigation with or without network signalling assistance. In this contribution we provide our views on the system-level modelling of the advanced NAICS receivers.
2 Discussion

In accordance to RAN4 LS [2] several non linear receiver structures such as ML/R-ML, SLIC, and CWIC were identified as promising candidates for the further NAICS evaluations. It was therefore recommended by RAN4 to conduct system-level analysis of the identified receivers, since it was found that their efficiency might highly depends on several system-level parameters such as interference conditions, modulation and coding schemes.
Accuracy of ML/R-ML receiver link-to-system mapping
Among all identified by RAN4 receivers the most challenging for the system-level evaluations is the SLIC and maximum likelihood (ML/R-ML) receiver, which exploits the discrete properties of the signals in the demodulation. Therefore, in this contribution we will focus on the assessment of the existing methodologies [3, 4] and provide our views on possible modelling of ML/R-ML receivers on the system-level.
The first approximation considered in this paper is proposed in [3]. The model is based on the approximation of the instantaneous mutual information (MI) of ML receiver for each spatial layer. In accordance to the model for each subcarrier k, instantaneous mutual information (MI) at the output of the ML receiver is approximated by a linear combination of MI of MMSE and interference-free (IF) receivers:

[image: image1.wmf](

)

IF

MMSE

MI

MI

1

MI

k

k

k

b

b

+

-

=

,












(1)
where 
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 is a special tuning parameter typically derived from link-level simulations, that doesn’t depend on the instantaneous channel realization and is only a function of average residual SINR and the modulation scheme. This MI value (averaged across all used subcarriers of the CTC code-block) is then used to predict instantaneous BLER of ML receiver using BLER vs. MI curves. Such curves are usually obtained for different modulation and coding schemes (MCSs) under additive white Gaussian noise (AWGN) channel.
In principle, the accurate approximation model should provide acceptable BLER predication in any channel realization. Therefore, for the assessment of the ML receiver evaluation methodology proposed in [3] we consider 2x2 LOS MIMO channel with Tx and Rx co-polarized antennas oriented in such a way that the resulting MIMO channel matrices are the following:
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The MI for the two channel realizations for ML receiver is shown in Figure 1 for the 1st spatial layer. The curves were obtained from the Monte-Carlo simulations with QPSK modulations employed on both spatial layers. It can be seen that for SNR > 5dB the gap between MIs of the two channel matrices increases. In particular the ML for the 2nd channel realization (i.e., H2) has two times higher maximum MI than for the 1st channel realization (i.e., H1). In this case the predicted BLER is expected to be different. At the same time the approximation model (1) with β = 0.5 provides the same instantaneous MI value regardless of the channel realization and therefore the same predicted BLER. This is due to the same post-processing SINRs of MMSE and IF receivers for these channel matrices.
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Figure 1. Mutual information for the 1st spatial layer for two instantaneous channel realizations H1 and H2
It should be noted that the problem of inaccurate MI approximation in (1) might be also occur in other channel realizations. For instance, it can happen in scenarios with high condition number of the channel matrix HH H which is relevant to ML NAICS demodulation scenario with total number of spatial layers exceeding the number of receiver antennas at the UE (e.g. 2 Rx antennas UE and 3 spatial layers). In such scenario the MI of ML receiver (and therefore the BLER performance) in addition to the instantaneous channels would also depend on the relative orientation of received constellations for the serving and interfering signals. It is clear that the model (1) may not be able to take into account such aspects. Those observations indicate a potential inaccuracy of the considered model for the system-level simulations.
Another approach to approximate MI was proposed in [4] for spatial multiplexing scheme with single codeword (i.e., the same modulation scheme on both spatial layers). The model in [4] is based on the MI approximation using the following parameters:

· λmin is the minimal eigenvalue of the channel matrix HH H, 

· Condition number of the channel matrix equal to λmax/λmin, and the 

· pa is the parameter of the Eigen mode subspace power distribution [4] equal to the minimum of squared absolute values of elements of the matrix V.
Similarly to the 1st model (1) it can be shown that for the considered two channels realizations (2) the approximation parameters are the same, leading to the same mutual information value and therefore the same predicted BLER.
Figure 2 also shows the scattering diagrams of BLER vs. MI of the prediction model [4] in the Ricean channel with LOS component K= 0, 8 and 50 and random orientation of Tx and Rx antennas. It can be seen from the comparison of the figures that the accuracy of BLER prediction becomes worse (the simulated scattering diagram is shifted to the left comparing to the reference AWGN curve) as the value of LOS component increases. Therefore some additional parameter might be needed to overcome such model inaccuracies.
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Figure 2. Scattering diagrams and AWGN reference curves for ML receiver operating with QPSK 3/4 in Spatial Multiplexing (SM) mode in the Ricean channel model with LOS component K= 0, 8 and 50 and random orientation of Tx and Rx antennas
Based on the discussion above the following observation can be made:

Observation:

· The existing system-level models of ML/R-ML receivers may not provide sufficient accuracy in all scenarios, potentially leading to the wrong conclusions from the system-level evaluations of NAICS receivers.
Link-to-system mapping methodology complexity
Typically, the link-to-system mapping methodologies are based on the creation of a set of look-up tables or approximation curves. Usually, the receiver abstraction generally depends on a limited set of system parameters including the SNR operating point in the AWGN, modulation, code rate and TBS. However, in case of using NAICS receivers the tasks becomes much more complex since the receivers efficiency depends on multiple parameters such as serving and interference cells signal to noise ratios, as well as serving and interference cell transmission parameters, including transmission mode, modulation and MIMO rank.
Additionally, the LTE NAICS receivers require knowledge of certain set of interference signal parameters which can be either signalled by the network or detected at the UE side. The impact of interference parameters estimation (e.g. modulation, PMI, data RE to CRS EPRE ratio) may vary depending on the interference environment and considered receiver type. For instance, the ML receivers may be more sensible to the parameters detection errors comparing with the E-LMMSE-IRC. Hence, if interference parameter detection is investigated at system-level the complexity of the link to system mapping methodology will further increase. 

So, the number of parameters which have impact on the IS/IC receivers performance may be relatively large, especially in case when interference cancellation/suppression of two neighbouring cells is considered or if blind interference parameters estimation is studied.

Observation:

· The IS/IC receivers performance depends on a set of serving cell and interference cell parameters. The creation of link-to-system mapping abstractions for different IS/IC receivers and different combinations of the serving and interference cells parameters may have large complexity.

Embedded link-level receiver modeling

Another approach for IS/IC receivers modeling could be based on using the embedded link-level receiver model. In such approach the system-level simulator is responsible for the resource, MCS, BF assignment and generation of the interference from the neighboring cells, while the link-level simulator is used for the explicit modeling of the actual packet transmission and reception for the generated interference environment. It is expected that such model should provide a more reliable and accurate simulation results than the existing link-to-system abstraction models [3, 4].
Several types of receivers were considered in RAN4 studies (E-LMMSE-IRC, R-ML, SLIC and CWIC) and it is desirable to compare performance of these receivers at system-level. However, the link-to-system mapping methodologies for different IS/IC receivers may be different and have different accuracies. Therefore, the related system-level comparison may lead to wrong conclusions. In case using a single modeling methodology based on embedded link-level flow, the receivers may be compared under identical assumptions thus resulting in more accurate performance comparison.

Proposal:

· Adopt embedded link-level receiver modeling approach as one of the options for the system-level evaluation of the NAICS receivers.
3 Summary

In this contribution we have investigated the existing methodologies of ML/R-ML receivers modelling on the system-level. It was observed that the existing models for ML/R-ML receivers may not provide sufficient accuracy in all scenarios, potentially leading to the wrong conclusions from the system-level evaluations. Therefore it was proposed to adopt embedded link-level receiver modelling approach as one of the option for evaluation of the NAICS receivers on the system-level.
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