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1
Introduction

Currently RAN1 NAICS study focuses on the third objective of the SID whose primarily scope is to evaluate the system-level gains. Accurate link to system (L2S) level modelling is essential in system performance evaluations. The envisioned NAICS operation considering different candidate receiver types requires different L2S modelling as used for receivers considered so far, including the Rel. 11 MMSE-IRC. In this contribution we address aspects related to L2S modelling for NAICS system simulations.
In RAN1#74bis it was agreed that the E-LMMSE-IRC, SLIC, and symbol level R-ML receivers are to be prioritized in the system simulations in RAN1. Hence, in this contribution we mainly focus on those receivers.
2
Existing proposals
Several L2S models have been proposed so far in RAN1 for the NAICS receivers. Here we briefly summarize the proposals that concern the prioritized receiver types for the purpose of discussing the commonalities among them.

In [4]

 REF _Ref370747926 \r \h 
[5], L2S methods for symbol level ML (SLML) receivers have been proposed. In these approaches, the effective SINR of the SLML is obtained by mapping the SLML mutual information (MI) estimate to SINR. In [4], the SLML MI is a weighted average of the MI of an MMSE receiver, and a genie aided (perfect) IC receiver. The applied weighting depends on the interference-to-signal power ratio through a parametric function that is to be trained in link simulations. In [5] the lower bound MI is obtained from the received signal power that is orthogonal to the interference, and the weights depend on the cross-talk of desired and interfering channels. In both references [4] and [5], the in that way calculated effective SINR is mapped to BLER using normal AWGN look up tables (LUT), as has been done since Rel. 8, and hence also for the baseline receiver (Release 11 MMSE-IRC receiver). Also, both L2S methods [4]
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[5] are accompanied by simulation results showing the accuracy of the proposed methods in terms of predicted BLER and observed BLER in link simulation versus the effective SINR.
In [6] a slightly different approach is taken for L2S for IC type receivers. In this approach, the SINR after IC stage is obtained by scaling down the interferer’s power in the SINR calculation process. This interference suppression ratio is a parameter, which is different for different interference characteristics. Specifically, it is assumed to depend on 5 parameters: the I/Noc, interferer modulation order, rank and TM, and also the serving cell Es/Noc. The effect of blind detection of e.g. the modulation order is included in the model by assuming that the IC stage is switched on only if blind detection is successful, which occurs at a probability p. The scaling parameter and the probability of successful blind detection are obtained by fitting to link simulation data. That is, in the end, a 5-dimensional LUT for the scaling parameter is obtained. The model is validated by plotting the predicted and observed average throughput against wide-band SINR for a specific interference condition case in [6].
The L2S for E-LMMSE-IRC has been considered in [7]. The L2S for the E-LMMSE-IRC boils down to modelling the channel estimation error for the desired and interfering cells, and then modelling the covariance estimation error for the residual (other cell) interference. In this sense, the E-LMMSE-IRC is easier to be modelled compared to the symbol level IC type of receivers. However, it could be argued that the symbol level IC receivers also depend on the channel estimation errors for the serving and interfering cells, and also on the covariance estimation, so these features should be also taken into account in the modelling of the SLIC type receivers.
Observation: The different candidate NAICS receivers have common features such as channel and covariance estimation.

3
Commonalities among the L2S models
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Thinking of the general flow of the L2S mapping in the system simulations we may refer to Figure 1. The L2S has as inputs the channel coefficients of the serving and interfering cells, the noise power, reference signal and PDSCH configurations (RE mapping), etc. Then, as also proposed in [9], we think it is crucial to include a stage that models the channel estimation of the serving cell and possibly interfering cells, and also estimation of the covariance of the interference (as opposed to embedding the channel estimation errors or interference covariance estimation errors to the effective SINR to BLER tables). This whole information is then taken as an input to the MIMO receiver model itself, which essentially transforms the inputs into a single variable per symbol that represents the quality of it (for instance SINR, LLR, or MI). These (e.g. SINR) values per symbol corresponding to a certain coded information block are then compressed to a single variable so that all information that is relevant to predicting the block error rate of that coded information block is captured in the best possible manner in the end. It may be for instance an effective SINR or aggregate mutual information. The effective SINR or aggregated mutual information is then mapped to a block error rate in the end. Thus, effective SINR mapping and the AWGN turbo decoding models together model the turbo codec performance of LTE, which completes the L2S modeling.
Given that the receivers considered in the SI are of very different type, it is hard to see that a single common L2S could characterize their performance with adequate precision. A common L2S representation for all receiver types is quite likely to result in a suboptimal approach. However, there are also common functions across several receivers that can be identified. Most notably, the majority of NAICS receivers (except the WLMMSE-IRC, which potentially obtains the interference covariance as residual interference on DMRS) need to form channel estimates for the interfering cells. Also, in case the receiver incorporates IC functionality, the channel estimate of the serving cell may be also enhanced. Such enhancement may be obtained by RS IC, in case the RS are overlapping, or by PDSCH IC, in case serving cell RS overlaps with the interferer PDSCH. Similar thinking can be also applied to the estimation of the interference covariance. Furthermore, in case the receiver does not include iterative codeword level IC stage, the same turbo decoding model may be assumed to be applicable across all receivers. This holds for the prioritized receivers and is assumed in the L2S methods proposed so far in [4-7], but does not hold most notably for the codeword level ML and the iterative L-CWIC receivers, see e.g. the approach outlined in [8].
In order to minimize the work load of modeling the receivers and also to maximize the comparability of different receivers in system simulations, the identified common functional blocks across different receivers should be modeled in the same way in the system simulations for different receiver types. That is, they should share the same L2S modeling framework. These include most notably the channel estimation, covariance estimation, and turbo decoder models. This leaves us with the middle block in Figure 1, i.e. the ‘MIMO RX’ model that is to be defined specifically for each of the E-LMMSE-IRC, SLIC, and symbol level IC receivers. Note that also for L-CWIC receiver it is possible to use the L2S modeling chain of Figure 1 as part of the L2S methodology for that receiver, for example, running it first for the interferer, then after the IC stage for the serving cell.
Proposal 1: The common functional blocks in the different candidate receivers should be modelled in the same manner across different L2S models. These include serving and interfering cell channel estimation, covariance estimation, and modeling of the turbo codec performance.

4
Need for a commonly agreed L2S methodology

There are two main reasons for having a commonly agreed L2S among the companies. Firstly, it enables better comparability and reliability for the system simulations in the NAICS SI itself. This is because it is very likely to result in a larger group of companies simulating a given receiver (which would not be the case if a commonly agreed model would not be available). Also, in case a group of companies is involved in the development and validation of the L2S, it is likely to improve its reliability and accuracy.

When considering future studies in RAN1 beyond the NAICS SI, there is a more compelling reason for agreeing upon an L2S that is reliable, accurate, and validated across the companies. In case NAICS and related RAN4 performance requirements are specified, NAICS operation will be considered in the future as a new baseline in future LTE feature studies in 3GPP [10]. In case there would not be a reference receiver available with a commonly agreed L2S methodology, the comparability of system simulation results from the different companies would be severely degraded in many of the future studies, not limited to those related to NAICS or UE receivers itself.

In [3] it was proposed to use embedded link simulations instead of defining a L2S methodology. However, even if we do simplify simulation assumptions in order to ensure embedded link simulations are feasible for the specific purpose of NAICS, it is not guaranteed that similar assumptions can be made when evaluating future features in general, since, as discussed above, such receivers are expected to become baseline for future work in RAN1. Moreover, as the approach has not been commonly used before, applying it here would possibly compromise the comparability to the existing results.
Therefore, it is seen that it would be highly beneficial to:

Proposal 2: Strive for a commonly agreed L2S methodology, which is benchmarked and validated across the interested companies, and in the end captured in the NAICS SI TR.

5
Validation of L2S
The validation of the L2S methodologies should be done in link simulations, where the difference between the predicted BLER and the observed BLER is measured for an ensemble of MIMO channel realizations, signal, interference, and noise powers, and different modulation orders (also for different TMs). These validation simulations should also take into account the impact of potential blind detections, so that the modelling of the blind detection stage is also validated. 
We would like to emphasize the difference of this approach to alternative approaches that e.g. only compare the predicted and observed mean throughput of the receiver at a given average SINR (G-factor) point (such as in [6]). Such a calibration is probably easier to be achieved, but the downside is that it does not necessarily imply that the predicted instantaneous BLER is accurate enough, taking into account instantaneous channel realizations and for example any kind of network coordination that is potentially applied in the system.
Proposal 3: The L2S should be validated by measuring the accuracy of BLER prediction per instantaneous channel realizations, and not only by comparing the predicted and observed average throughput.
6
Conclusion
In this paper we discussed the general system level modeling methodology to be applied in the NAICS system simulations, with the particular aim in achieving consistency among the simulations on different candidate receivers within and also across companies. We made the following three proposals:
Proposal 1: The common functional blocks in the different candidate receivers should be modelled in the same manner across different L2S models. These include serving and interfering cell channel estimation, covariance estimation, and modeling of the turbo codec performance.
Proposal 2: Strive for a commonly agreed L2S methodology, which is benchmarked and validated across the interested companies, and in the end captured in the NAICS SI TR.

Proposal 3: The L2S should be validated by measuring the accuracy of BLER prediction per instantaneous channel realizations, and not only by comparing the predicted and observed average throughput.
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Figure � SEQ Figure \* ARABIC �1� Generic flow of L2S methodology assumed in system simulations, that fits most of the receivers considered in the NAICS SI.








