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1 Introduction

In the RAN4 #68 meeting, an LS on the progress of NAICS [1] was sent to RAN1. The observations are:
· Based on Phase-1 (Calibration) study only, for Scenario 1, RAN4 observes: 

· Company results so far showed that nonlinear receivers (i.e., ML/R-ML, SLIC, and CWIC) can provide significant performance gain over baseline LMMSE-IRC in some cases

· The above NAICS receivers were studied under the assumption of known interferer parameters (additionally for CWIC perfect PDSCH allocation alignment is assumed). Evaluation of some receivers was also performed with blind and partially blind detection.

· Performance gain was also observed for linear receivers (E-LMMSE-IRC and WLMMSE).

· The E-LMMSE-IRC receiver was studied under the assumption of known interferer parameters. 

· The WLMMSE receiver was studied under the assumption of PAM transmission from the dominant interferer.

· Performance gain significantly depends on interference condition and MCS/RI, transmission mode, and quality of the channel estimation of serving and interference cells. Generally, the gain increases with increased I/Noc.

· Candidate NAICS receivers will have different trade-offs between performance, complexity, network coordination, and network signalling. Details are yet to be studied.

· The list of candidate receivers under evaluation in RAN 4 as well as the associated terminology is provided in the attached TP for section 7 of TR36.863 (i.e., [R4-134477])
The action to RAN1 is:
ACTION: RAN 4 respectfully asks RAN 1 to take the above information into account to start discussion on the objective #3 as described in the SID, for the receivers identified in RAN4.
As described in SID [2], RAN1 should study and evaluate the feasibility and potential system level gain as well as specification impacts of further advanced receiver on the objective #3. In this contribution, the system level modelling methodologies for different type of receivers are given.
2 Review of system level modelling methodology for linear receivers 
First of all, we review the system level evaluation methodology for linear receiver based on mutual information (MI) model. Generally, the system level modelling methodology is carried out by two steps. The first step is to derive the post-processing SINR per subcarrier. After that, the simulator predicts the instantaneous BLER for each transmission block by a link quality model based on the input SINRs.
The received downlink signal for each subcarrier is given by
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Where Hs denotes the effective channel from the serving cell to the target UE, and Hk denotes the effective channel from the interfering cells to the target UE, and n denotes the AWGN. For simplicity, we assume single layer transmission for the target UE without MU-MIMO multiplexing. The same methodology can also be expended to multi-layer transmission. This section mainly focuses on MMSE receiver and MMSE-IRC receiver.
2.1 SINR calculation

The weighted factor for MMSE receiver and MMSE-IRC receiver can be written as (2) and (3), respectively: 
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Where 
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 denotes the estimated effective channel for serving cell and 
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denotes the estimated effective channel for interfering cells, 
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 denotes the noise variance. 

The post-processing SINR for the target UE could be calculated by (4) and (5) respectively
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2.2 Link quality model structure
After derived the SINR for each subcarrier, the throughput of system level simulation can be characterized by a link abstraction model. As described in [3], the effective SINR mapping based on MI quality model structure is illustrated in Figure 1. This structure contains a separate modulation model and a coding model. 
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Fig. 1 MI-based quality model structure
For the modulation model module, the symbol information (SI) of the SINR value γ with modulation order M is defined as
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Where Y is the complex-value channel output symbol with SINR equal to γ, and P (Y | X, γ) is the AWGN channel transition probability density conditioned on the noise-free channel symbol X. X belongs to a certain modulation constellation, P(X) is the a priori probability of X. 
For the coding model module, received block information (RBI) among the J symbols could be obtained based on mutual information for the block, and received block information rate (RBIR) could be obtained by normalizing mutual information per coded bit: 
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The relationship between RBIR and the decoding performance for a given codec only depends on the coding rate for a certain modulation order, so the lookup table between RBIR and the quality indicators can be generated by link level simulation under AWGN channel for each kind of modulation type and code rate in advance. By looking up RBIR-to-BLER table based on post-processing SINR, the system performance can be obtained.
3 System level modelling methodology for nonlinear receivers 
As discussed in section 2, the system level simulation is carried out by two steps. The first step is to derive the post-processing SINR per subcarrier. After that, the simulator predicts the instantaneous BLER for each transmission block by processing the input SINRs and the predefined RBIR-to-BLER table. For different type of revivers, the main difference of the system modelling methodology is how to derive the post-processing SINRs. As we all know, the post-processing SINRs for linear receivers (MMSE and MMSE-IRC receivers) can be calculated by equations (4) and (5), but it might be difficult to calculate the SINRs directly for nonlinear receivers. Therefore, the following discussion only focuses on obtaining of post-processing SINRs for nonlinear receivers, e.g., symbol-level interference cancellation (SLIC) receiver, codeword interference cancellation (CWIC) receiver, and maximum-likelihood (ML) receiver. For simplicity, we assume the target UE only eliminates the strongest interference, and only one layer is transmitted for both target UE and interfering signal. 
3.1 SLIC receiver

The key issue of determining the post-processing SINR for SLIC receiver is to estimate the impact of the residual interference after eliminating the interference information from the received signal. Since the impact of the residual interference depends on the accuracy of the demodulated symbol as well as the channel estimation error for the interference cell, we propose to construct a simple link level simulation to estimate the variance between the transmitted and received symbols and then to model the impact of the residual interference. The link simulation process is illustrated in Figure 2.
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Fig. 2 Link simulation structure for variance calculation
Assuming the transmitted complex symbol is x, x belongs to a certain modulation constellation Aj, j=1,…,M, M is modulation order. The received signal after AWGN is given by
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When the receiver performs hard decision, 
The estimated constellation Aj can be obtained by selecting the candidate symbol with minimum Euclidian distance. Take N trials for one SNR, then the variance 
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 can be calculated as

	
[image: image16.wmf]2

1

j

N

xA

N

s

=-

å


	(9)


When the receiver performs soft decision,
The estimated soft constellation 
[image: image17.wmf]m

 can be calculated by 
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Also take N trials for one SNR, and the variance 
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 can be calculated as
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Considering channel estimation error for interfering cell, the variance 
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 can be corrected by
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Parameter 
[image: image23.wmf]h

 can be obtained through link simulation training. Run simulation for different SNRs and different modulation orders, we can obtain SNR-to-variance mapping tables for each modulation type in advance, which could apply to system simulation.

The received downlink signal for each subcarrier in (1) can be rewritten as
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H1 denotes the effective channel from the strongest interfering cell to the target UE and 
[image: image25.wmf]1
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 denotes the interfering symbol. We assume the strongest interfering can be eliminated from the received signal. The SINR of this interferer can be calculated based on a linear receiver, for example, MMSE receiver,
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By looking up predefined SNR-to-variance mapping table based on the modulation type and the calculated SINR in (15) for the interference symbol, the variance 
[image: image28.wmf]s

 for the strongest interferer can be obtained, and the SINR of the target UE could be calculated by 
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3.2 CWIC receiver

For CWIC receiver, the estimated interference symbol can be fully eliminated from the received signal after it is checked by CRC, so there is no error propagation. The signal model of the target UE after interference cancellation is given by
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And considering MMSE receiver after cancelling the strongest interference, the SINR of the target UE could be calculated by
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3.3 ML receiver
For ML receiver, reference [4] proposes a method to estimate the SNR values by employing capacity bounds of two simple linear receivers: perfect interference cancellation (PIC) receiver provides the upper-bounded SINR which can be represented as
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MMSE receiver provides the lower-bounded SINR as given in (4). Then we have
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Correspondingly, it can be expected
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Where
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Introduce one parameter 
[image: image38.wmf]w

 to define the ratio of the capacity gap,
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Rearrange the above equation, we can get:
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The SINR of ML detection can be calculated based on (26) and (24),
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Not that the calculation of parameter 
[image: image42.wmf]w

 can refer to the method in [4] or [5].
4 Conclusion
In this contribution, the system level modelling methodologies for linear receivers are reviewed, and the methodologies for nonlinear receivers are also provided. We propose to take these methodologies into consideration when discussing the system level modelling for advanced receiver.
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