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1. Introduction
According to the objectives of [1] RAN1 is expected to study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver: 

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC
Evidently, the first step of the RAN1 system level evaluations is to develop a system level modeling methodology. In this contribution we provide some aspects on the system level modeling methodology.  
2. Discussion
The input from RAN4 so far refers to the LS [2] where they provide a status of their ongoing work on NAICS receiver evaluations as well as providing a list of identified candidate NAICS receivers. Although the work on the link level evaluations is not completed in RAN4 some observations can be made from their current findings: 
· Three receiver types have been identified:
· IS (linear) receivers: E-LMMSE-IRC, WLMMSE-IRC, LMMSE-IRC (Rel11)
· IC (non-linear) receivers: L-CWIC, ML-CWIC, SLIC, PIC
· ML (non-linear) receivers: ML, R-ML, Iterative ML and R-ML
· NAICS receiver gains depend to large extent on signal/interfering characteristics
· 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.
Thus, any link-to-system model would need to handle a vast variation of interference characteristics.
In the case of linear receivers, a receiver weight matrix per subcarrier and OFDM symbol is constructed from channel estimates of the signal of interest and from covariance matrix estimation. Differences between the IRC schemes are e.g. how the covariance matrix is estimated and the required knowledge of interfering parameters. In a link abstraction model of the IRC, the receiver weights should be based on channel and interference estimation realizations in the system simulator rather than from link level averaging.
Proposal 1: IRC receiver weights should be based on instantaneous channel and interference estimation realizations in the system simulator
A link abstraction model for system level evaluations on SLIC receivers was proposed in [3] where residuals after cancellation of interferers were modeled as a scaled version of the signals being cancelled as illustrated in Figure 1, where s1,k is the received desired signal on the kth subcarrier and e2,k is the residual of the signal s2,k being cancelled. The link-to-system model is then built up of look up tables for an averaged scaling factor avg under different interfering conditions (SNR, I/N, TM, rank, modulation) that significantly impact the IC gains. Modeling the cancellation residuals as a scaled version of the signal being cancelled implicitly assumes that the signal estimation includes a spatial whitening operation (IRC). This approximation could be reasonable as spatial whitening as part of the signal estimation would be crucial for obtaining larger IC gains as well as of having accurate channel estimates.
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Figure 1 Link abstraction modeling proposed in [3]
Performance impact of blind detection of parameters that are part of the signal estimation (e.g. precoders and power ratios ) is proposed in [3] to be modeled as an IC on/off operation where IC is switched off (i.e. avg = 1) if the blind detection turns out to be unreliable. In [4], a mutual information based link abstraction method for a symbol level ML receiver was proposed [3]but no modeling of blind detection of estimation parameters was discussed. It seems possible to extend the methodology proposed in  to cover CWIC by taking the MCS into account. For CWICs utilizing CRC-check (“hard” CWIC [2]), IC on/off operation could be taken into account by estimating the probability of detecting the aggressor PDSCHs correctly, possibly aggregated with the possibility to detect corresponding physical layer control channels correctly, required for extracting the information needed for decoding PDSCHs that overlaps with own PDSCH, or any other dynamically signaled NW assistance information.
Proposal 2: Consider an IC/ML on/off approach for modeling blind detection reliability

Proposal 3: Consider modeling of detection reliability of any dynamically signaled NW assistance information
As there are evidently more MCSs than modulation schemes, the simulation effort for CWIC would be even higher than the already high effort that is anticipated with the empirical link-to-system modeling for SLIC evaluations [3]. Clearly, at each simulation iteration, and for each victim UE (i.e. a UE cancelling at least aggressor RSs and PDSCHs), the SNR and I/N observed by the victim UE are to be determined and for the aggressor signals to be cancelled conclude on TMs, their rank and MCS/modulation scheme. Furthermore, in the case of CWIC and aggressors scheduling DL data to multiple UEs in a subframe, it would also be needed to conclude on how the aggressor signals overlap with own PDSCH. Given now all the possible combinations of parameters that will impact the IC performance, it is obvious that an excessive amount of look up tables would be required to cover all these interference scenarios. Hence, there is a clear need to simplify the system evaluations or develop a methodology that aggregates the impact of different parameters.  
Link level evaluations indicate that the IC gains of canceling signals with rank higher than one is significantly reduced in comparisons to canceling signals with one stream, which of course is not surprising as the rank adaptation was done for an aggressor UE and not for the victim UE.  Based on this observation, one simplification could be to cancel aggressor signals of rank 1 only, which likely would be rather fine in system evaluations with very high traffic loads. However, the possibility for a UE to cancel high rank signals would depend on how strong the aggressor signals are so embedding the rank condition into an IC on/off modeling would be more preferable. Another simplification mainly targeting CWIC evaluations could be to restrict the aggressor cell DL scheduling to one user per subframe, or impose certain scheduling coordination across cells to avoid multiple overlapping aggressor PDSCHs to the victim UEs own PDSCH. Limiting scheduler’s freedom to allocate resources usually degrades the performance, so the IC gains by coordination should then need to be higher than the losses due to scheduling restrictions. Another scheduler restriction related to CWIC could be the MCS where an aggressor cell lowers the MCS in order for a victim UE to decode the aggressor PDSCHs. 
Observation 1: In system evaluations where a particular NAICS receiver relies on scheduling coordination across eNBs a fair comparison to a baseline receiver includes CoMP operations, as concluded at RAN1#72bis.

Observation 2: In system evaluations where a particular NAICS receiver relies on same control region across cells would imply larger overhead than if the control regions were uncoordinated. 
In general, there is a need to decide on how many aggressor signals a victim UE is expected to be able to cancel, in particularly for the more complex cancellation/suppression schemes such as CWIC. In contrast to e.g. ML and SLIC receivers where cancellation of aggressor cells PDSCHs can be conducted independently per RBs, the CWIC needs to decode the full bandwidth of the aggressor PDSCHs for performing cancellation over its own RBs. Most likely from a complexity point of view it can only cancel one PDSCH, from which scheduler restriction of aligned PDSCH may incur performance losses.
Proposal 4: Clarify how many aggressor PDSCHs per RB a UE with CWIC receiver can cancel
An integral part of any link abstraction modeling is model validation where not only the accuracy of the model is to be considered but also if the model is sufficiently flexible to cover a wide range of interference and transmissions conditions. For example, the accuracy of the link-to-system model in [3] was validated for a scenario with a single interferer at I/N = 16 dB and with transmission parameters (TM4, Rank-1, QPSK) which obviously is not sufficient for drawing any general conclusions on how useful or good the modeling are. Hence, for any link-to-system modeling method there will be a need to perform model validation for a wide range of interference conditions. There could be different ways of validate a link abstraction model as e.g. in [2] where SLIC throughputs as a function of SNR is compared to corresponding SLIC with the approximation of e2,k  being a scaled version of the signal being cancelled (avg s2,k), as illustrated in figure 1. Another validation method of this approximation could be to make spatial whitening tests on the demodulated signal embedded in the signal estimation of s2,k . 
Proposal 5: RAN1 should conclude on how link-to-system models are to be validated
3. Conclusion

In this contribution we provide some aspects on the system level modeling methodology and the following proposals and observation were made:
Proposal 1: IRC receiver weights should be based on instantaneous channel and interference estimation realizations in the system simulator

Proposal 2: Consider an IC/ML on/off approach for modeling blind detection reliability

Proposal 3: Consider modeling of detection reliability of any dynamically signaled NW assistance information

Proposal 4: Clarify how many aggressor PDSCHs per RB a UE with CWIC receiver can cancel

Proposal 5: RAN1 should conclude on how link-to-system models are to be validated

Observation 1: In system evaluations where a particular NAICS receiver relies on scheduling coordination across eNBs a fair comparison to a baseline receiver includes CoMP operations, as concluded at RAN1#72bis
Observation 2: In system evaluations where a particular NAICS receiver relies on same control region across cells would imply larger overhead than if the control regions were uncoordinated
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