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1. Introduction
Within the NAICS study item [1], RAN1 is expected to develop system-level modeling methodologies for the IC/IS receivers identified by RAN4 [2] and then evaluate the system-level gains with respect to Rel-11 receivers. In this contribution we present a link-to-system model methodology applicable to both SLIC and E-LMMSE-IRC receivers. Model validation results are provided for SLIC. A TP of the link-to-system model is provided in appendix.
2. Discussion
2.1. Link-to-system modeling

A system-level simulator generates instantaneous channel realizations for each radio link and with a well-tuned link abstraction model the instantaneous (per subframe) demodulation and decoding performances of the radio links are accurately predicted without carrying out the actual link-level processing steps at the same time as conducting the system-level simulations. For the link-level abstraction model discussed herein, BLock Error Probabilities (one per codeword) are produced per subframe given the following inputs:
· The instantaneous channels to the UE from each (dominant) cell’s TX ports

· The MCS and precoder (CRS-based TM) for each (dominant) cell transmission
· The noise covariance (including non-dominant cells)

Thus, this link-to-system model uses channel realizations per subframe, but no realizations of noise and data. As the actual performance typically depends on both true and estimated values, the true and estimated effective channels (as well as true and estimated noise covariance’s) are used to calculate effective SINR values, which are later translated to BLEP values using standard look-up-tables for the LTE turbo decoding scheme for a given MCS. Figure 1 shows a block diagram of the link-to-system abstraction model.
Channel and noise estimation: In the first step, channel and noise estimates per subcarrier 
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and cell are constructed from the true values where the estimates reflect the actual receiver algorithms. The estimated channel of cell 
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can be expressed as
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where the channel estimation error
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reflects the performance of the actual estimation algorithms in the link-level simulator for the particular instantaneous signal and interference conditions observed by the receiver. In the case of DMRS-based channel estimation, the corresponding estimated effective channel,
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, follows directly (denoted as Ghat in Figure 1).
NC blind detection: In the second step, transmission parameters required for demodulation and decoding of the dominant neighbor cell signals are blindly detected, unless they are assumed to be known via network assisted signaling. For the purpose of illustration the modulation scheme (MCShat) and the precoder (Ghat) are in Figure 1 to be blindly detected. A blind detection reliability indicator could be provided together with the estimated transmission parameters and used e.g. to decide whether to cancel or not. Other transmission parameters that would be needed to be blindly detected, unless signaled, are e.g. RB allocations, TM and DL power allocations of the aggressors.
Noise covariance estimation: Based on the true and estimated effective channels (
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) and the true and estimated background noise (
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), the interference and noise covariance as seen from cell c is then constructed. For SLIC receivers, this step is iterative and loops over a set of cells (
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), including the serving cell. 
The noise and interference covariance, including previous cancellation steps in the loop, can be expressed as 
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Above, 
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represent Cancellation Efficiency factors which are stored in a Look-up Table (LUT). Both the genie based 
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noise and interference covariance are used in the following step to calculate effective SINRs.
Effective SINR calculations: The effective SINR (per subcarrier) is derived from an equation based on MMSE-IRC SINR calculations which takes into account the mismatch when LMMSE weights are constructed from estimates. With
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being a transmitted symbol, the output of an LMMSE receiver can be expressed as
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where 
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is the estimated covariance matrix. The first term on the right hand side of (2) represents the signal after combining and the second term on the right hand side of (2) represents the noise after combining, including any residuals after signal cancellation. Based on expression (2), we calculate the estimated signal power, 
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, after the combining. By replacing the estimated channel and noise covariance with corresponding genie values in (2) we obtain the corresponding true signal and noise powers, 
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SLIC cancellation: The cancellation effect is given by the cancellation efficiency factor which corresponds to the relative amount of remaining power from this cell’s transmission after cancellation. The cancellation efficiency factor for a given SLIC receiver is pre-computed and stored in a LUT:
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Figure 1 Block diagram of the L2S model, where for the SLIC only the modulation part of the MCS is needed.
Observation 1: The link-to-system model for E-LMMSE-IRC follows directly by omitting the SLIC cancellation loop in Figure 1(
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and
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equals zero)
Observation 2: For SLIC we consider a similar approach as proposed in [3] where residuals after cancellation of interferers were modeled as a scaled version of the signals being cancelled. A major difference though is that the link abstraction model in this contribution is based on instantaneous channel realizations and not averaged channels

2.2. Model validation for SLIC
The link-to-system model described in Section 2.1 has been validated by running in parallel to a link-level simulator, thus working on exactly the same channel realizations, for different values of MCS (covering QPSK, 16QAM and 64QAM) as well as RIs. The channel characteristics refer to Scenario 1 and we consider a link with interference from two neighbor cells, 
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are obtained from a 40% load scenario. In this model validation, transmission parameters of the neighbor cells are assumed to be known, i.e. no blind detection. 

The model validation results for SLIC are depicted in Figure 2 to Figure 5 for TM4, where the square brackets in the titles of the figures indicate MCSs and RIs in accordance with [SC NC1 NC2]. 
Observation 3: The link abstraction model and the link-level results match well for the SLIC receiver
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Figure 2 SLIC model validation cases where SC and NCs have same MCS and RI, [SC NC1 NC2].
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Figure 3 SLIC model validation cases where SC and NCs have different MCS (left) or different RI (right).
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Figure 4 SLIC model validation cases where SC and NCs have different MCS but same RI, [SC NC1 NC2].
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Figure 5 SLIC model validation cases where SC (16QAM) is of rank 1 whereas NCs (QPSK) are of rank 2
3. Conclusion
In this contribution, we provided a link-level abstraction model applicable to SLIC and E-LMMSE-IRC receivers, including model validation results for SLIC. The following observations were made:
Observation 1: The link-to-system model for E-LMMSE-IRC follows directly by omitting the SLIC cancellation loop in Figure 1(
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and
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equals zero)
Observation 2: For SLIC we consider a similar approach as proposed in [3] where residuals after cancellation of interferers were modeled as a scaled version of the signals being cancelled. A major difference though is that the link abstraction model in this contribution is based on instantaneous channel realizations and not averaged channels

Observation 3: The link-level abstraction model and the link-level results match well for the SLIC receiver
A TP of the link-to-system model was provided in the appendix.
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5. Appendix: TP on L2S modeling for SLIC and E-LMMSE-IRC

A link-level abstraction model applicable to both SLIC and E-LMMSE-IRC receivers is outlined below. The model takes instantaneous channel realizations into account, produces BLEP per subframe and includes following steps:

1. Channel and noise estimates are determined from instantaneous genie (true) channels to the UE from each (dominant) cell’s TX ports, where the estimates reflect performance of the actual receiver algorithms.
2. Transmission parameters required for demodulation of dominant neighbor cell signals are blindly detected, unless they are assumed to be known via network assisted signaling.

3. Noise covariance matrices are determined using genie and estimated channels. For SLIC this step is iterative and loops over a set of cells, including the serving cell, where the power reductions of interfering cells being cancelled is modeled as
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4. The effective SINRs after the combining, 
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(genie), are derived from an equation based on LMMSE-IRC SINR calculations which takes into account the mismatch when LMMSE weights are constructed from estimates.

5. The SLIC cancellation effect is given by the cancellation efficiency factor, 
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 and modulation scheme as inputs.
6. The calculated effective SINR values for the serving cell are translated to BLEP values using LUTs for the LTE turbo decoding scheme.
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Figure 6 Block diagram of the L2S model (only modulation part of the MCS is needed for SLIC)
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