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1. Introduction

Downlink superposition transmission in Rel 13 is defined as a scheme which allows multiple users to share the same resource elements without spatial separation.  The objectives of the study in [1] are given as follow: 
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell. 

· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques. 

· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above. 

· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided. 

· The study will not consider enhancements to spatial precoder for the downlink. 

· The study should be applicable to both TDD and FDD. 

In this contribution, we present our current understanding of link and system level simulation methodology which may not be identical with Rel 12 NAICS.  Link and system level simulations for this Rel 13 SI need to take into account special characteristic of downlink superposition transmission schemes. 
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Figure 1 Superposition Transmission

2. Discussion of Simulation Methodology
2.1. Link Level Simulation

In DL superposition transmission, amplitude-weighted encoded and modulated messages intended for multiple paired UEs are combined linearly or non-linearly at the eNB, and transmitted to the paired UEs simultaneously. The interfering receiver (as shown in Figure 1) demodulates and decodes its message, treating the superposed victim UE message as interference. The victim receiver first demodulates and may decodes the interfering UE message, regenerates the interference caused by the interfering UE, and cancels or suppresses it using linear filtering, successive interference cancellation, or maximum likelihood estimation. The victim UE signal could then be demodulated and decoded after interference cancellation or suppression.  One of main differences between Rel 12 NAICS and Rel 13 Superposition transmission is dynamic but controllable intra-cell interference due to intra-cell multi-user transmission. Such characteristics should be re-assessed for link level simulation. 
· Proposal 1: The link level performance of the victim UE in DL superposition transmission should be assessed with different receiver architectures under realistic non-full buffer traffic and intra-cell interference assumptions.
The receiver for DL superposition transmission at the victim UE should perform detection of both the victim UE and the interfering UE’s signals. Advanced receivers, such as E-LMMSE-IRC, R-ML, SLIC and CWIC should be considered in the link-level simulation with a higher priority. Other receiver architecture is not excluded but they should be clarified as soon as possible for assisting any necessary link level simulation. 
· Proposal 2: Rel 12 NAICS UE, such as E-LMMSE-IRC, R-ML, SLIC and CWIC should be considered as the starting point for link-level simulation.
· Proposal 3: MMSE-IRC could be served as the baseline receiver for link level simulation comparison.

Up to our understanding, all dominant interfere(s) in the DL superposition transmission can be assumed from intra-cell, at least for linear superposition coding. The dominant interferer in the DL superposition transmission, which is the paired interfering UE within the same cell as the victim UE, should be explicitly modelled and taking into account the assumption of superposition transmission schemes, e.g. the same precoder within the same PRB. Depending on receiver architecture, different power allocation, MCS, transmission modes of dominant interferer should be assumed and simulated by link-level simulation.  The inter-cell interference from neighboring cells should also be included and may follow up the principle of Rel 12 NAICS. 
· Proposal 4: For link-level performance evaluation, intra-cell interferer(s) should be explicitly modelled by using different transmission hypotheses, and the non-dominant inter-cell interferers can be modelled the same as in NAICS.   
With regard to the traffic modelling for interferer, the ON/OFF pattern for a dominant interferer is dynamic, according to whether an interfering UE could be paired (with 0%~99% power allocation) with the victim UE for the superposition transmission. Different loading assumption, include low, medium and high, for inter-cell could all be considered in link level simulation. However the loading of the serving cell can be only determined during system level simulation after taking into account MU-MIMO and MUST.
· Proposal 5: The dominant intra-cell interferer(s) should be modelled based on certain ON/OFF pattern and at several settings of SINR and other scheduling assumptions related to specific superposition transmission scheme.  
The link level simulation for Rel 12 NAICS UEs has assumed the perfect knowledge of MCS and other scheduling parameters associated with dominant interferers. Such an assumption is generally fine for NAICS since RAN1 has agreed that the performance of NAICS UE will not degrade no matter how the UE will detect those parameters blindly and/or using network assistance information. RAN4 will develop testing cases to mandate UE performance requirements. However the situation for Rel 13 superposition transmission may be slightly different. The blind detection error for some scheduling parameters of the interfering UE, e.g. modulation, will seriously impact the performance of the victim UE because the scheduler is too optimistic to assume that the victim UE can detect modulation perfectly. Consequently the victim UE may not receive any package at all.  Alternatively, full scheduling information of interfering UE will be provided to the victim UE at the cost of dynamic signalling. The later approach may be feasible in standards but will be expensive.   
· Proposal 6: How the UE knows the presence of interferer, MCS or other scheduling parameters associated with dominant interferers and specific superposition transmission scheme, and the potential detection error (if the UE blindly detects) shall be taken into account by link level or system level simulation.

2.2. System Level Simulation
The calculation of the post equalization /interference cancellation SINR for system level simulation mainly depends on calculating the residual interference after equalization/interference cancellation.  According to different receiver structures, different interference conditions, network loading, MCS, etc., the residual interference post equalization/interference cancellation could vary. Therefore, an upper bound and a lower bound could be determined for each receiver structure first. Then look-up tables corresponding to different residual interference level could be computed using link level simulations. System-level simulation results could then be produced by mapping the BLER/PER performance with the post equalization/interference cancellation SINR from the look-up table obtained through link-level simulations under various interference and channel conditions.
· Proposal 7: For system level simulations, different modelling methodologies should be identified for different receiver structures in calculating the post equalization/interference cancellation SINR and modelling the channel estimation error.  
System-level simulator is responsible for the resource, MCS, beamforming assignment and generation of the interference from inter-cells and intra-cell, whilst the link-level simulator is used for the explicit modelling of the actual packet transmission and reception for the generated interference environment. System-level performance could be obtained by directly observing the successful packet reception of all the transmitted packets, through the explicitly modelled actual packet transmission and reception of the embedded link-level receiver model. 

· Proposal 8: The modelling of link-level to system-level mapping should be discussed and agreed. 
The interfering UE may be considered as the MMSE-IRC receiver, and therefore could refer to the link-level simulation results in former releases with recalculated reduced SINR, since transmit power is allocated between paired multiple UEs in superposition transmission. The link level performance of the interfering UE could be referred to that in Rel-12 with recalculated reduced SINR, since the Rel-12 receiver of MMSE-IRC is used at the interfering UE. Please note that it is also feasible that an interfering UE can be also a victim because of scheduling decision. In this case, such a UE is treated as a victim UE during system level simulation.  

3. Conclusions

In this contribution we have discussed link and system level simulation methodology for downlink superposition transmission.   We have following proposals:
·  Proposal 1: The link level performance of the victim UE in DL superposition transmission should be assessed with different receiver architectures under realistic non-full buffer traffic and intra-cell interference assumptions.
· Proposal 2: Rel 12 NAICS UE, such as E-LMMSE-IRC, R-ML, SLIC and CWIC should be considered as the starting point for link-level simulation.
· Proposal 3: MMSE-IRC could be served as the baseline receiver for link level simulation comparison.

· Proposal 4: For link-level performance evaluation, intra-cell interferer(s) should be explicitly modelled by using different transmission hypotheses, and the non-dominant inter-cell interferers can be modelled the same as in NAICS.   

· Proposal 5: The dominant intra-cell interferer(s) should be modelled based on certain ON/OFF pattern and at several settings of SINR and other scheduling assumptions related to specific superposition transmission scheme.  
· Proposal 6: How the UE knows the presence of interferer, MCS or other scheduling parameters associated with dominant interferers and specific superposition transmission scheme, and the potential detection error (if the UE blindly detects) shall be taken into account by link level or system level simulation.
· Proposal 7: For system level simulations, different modelling methodologies should be identified for different receiver structures in calculating the post equalization/interference cancellation SINR and modelling the channel estimation error.  
· Proposal 8: The modelling of link-level to system-level mapping should be discussed and agreed. 
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