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1 Introduction
In RAN#67, a revised study item on Downlink Multiuser Superposition Transmission for LTE has been approved [1]. The main objectives of the study item are to identify and study possible enhancements of downlink multiuser transmission schemes within one cell. Furthermore, the revised SI is specifically focusing on the transmission scheme 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 [1]. On receiver side, UE is expected to be equipped with advanced IC/IS receiver to cancel or suppress co-scheduled interference. Thus, the study should also take the practical UE implementation and UE complexity into consideration.
In this contribution, we present Samsung’s view on the details of advanced UE IC/IS receiver candidate for the future RAN1 evaluation.
2 Discussion on IS/IC receiver
In Rel-12 NAICS SI, RAN4 has already identified several potential advanced IC/IS receiver structure, as listed below [2].

· Linear Interference Suppression Receiver, e.g. Enhanced LMMSE-IRC (E-LMMSE-IRC) 
· Non-linear MIMO detector, e.g. reduced complexity ML receiver (R-ML) and Symbol level interference cancellation receiver (SLIC).
· Code word level SIC receiver (CWIC), equipped  with linear MMSE detector (L-CWIC) or non-linear ML detector(ML-CWIC)
· Iterative ML (or R-ML) receiver, equipped with iterative MAP detection and decoding of useful and interference signal 

Among those receiver candidates, Rel-12 NAICS WI has introduced the non-linear MIMO detector (R-ML or SLIC) to cope with strong inter-cell interference, and the CWIC receiver and iterative ML receiver is considered as infeasible due to the required tight inter-eNB coordination on e.g. MCS, RB allocation. 
For the classic multi-user superposition transmission scheme (as shown in Figure 1), to achieve the power domain multiplexing gain, it is assumed that eNB could provide more codeword level information on interference CW for advanced UEs (e.g. MCS, RB allocation) since it is intra-cell level coordination. Thus, the Near UE (U1), equipped with either CWIC or iterative-ML receiver, could ideally cancel the stronger interference (P2>P1) from the Far UE (U2). 
Proposal 1: The receiver candidate for Near UE at least includes CWIC and iterative-ML receiver. For the sake of UE implementation complexity, Linear MMSE CWIC (L-CWIC) is proposed as baseline receiver.
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Figure 1: System model of superposition multi-user transmission 
Meanwhile, for the Far UE, the potential performance gain bring by the advanced CWIC or iterative ML receiver may be marginal since the interference U1 is transmitted with a higher MCS but lower power (P1). Therefore, for the Far UE, the baseline receiver should take performance gain, UE consumption and signalling overhead into account and may require link level evaluation firstly. 
Proposal 2: The baseline receiver for Far UE should take performance gain, UE consumption and signalling overhead into account.
One more issue to be addressed for baseline receiver is CSI reporting algorithm. In Rel-12 NAICS WI and Rel-12 SU-MIMO enhanced receiver WI, both RAN1 and RAN4 has spent significant effort to define an enhancement CSI reporting mechanism for non-linear linear, but without any progress. On one hand, it is recognized that it is very difficult for UE to accurately predict the CSI without acquiring the interference information. On the other hand, out loop link adaptation (OLLA) could be an efficient method to compensate the performance gap between advanced non-linear receiver and linear MMSE-IRC receiver. We are expecting the similar situation as other Rel-12 WIs for the CSI part discussion in Rel-13 multiuser superposition transmission SI. For the sake of progress, our preference is
Proposal 3: The baseline receiver for CSI calculation is MMSE-IRC receiver for advanced non-linear receiver.
Furthermore, because the Near UE is expected to decode both its desired CW(s) and the interference CW(s), the resource allocation alignment (i.e. allocating the same RB resource for Far UE and Near UE) is critical to the superposition transmission scheme, as shown in Figure 2. Without the resource allocation alignment, firstly, the Near UE processing complexity and power consumption is explosively increasing because multiple interference UE's CW(s) need to be cancelled. Additionally, the significant larger network signalling overhead may be needed to provide multiple interference UE's information. Therefore, it is proposed to assume that resource allocation alignment could be guaranteed by network scheduler for the superposition transmission scheme.
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Figure 2: Resource Allocation
Proposal 4: Resource allocation alignment is assumed to be achievable in intra-cell MU-MIMO scheduling.
Lastly, we would like to discuss the benchmark receiver for performance gain justification. In principle, Rel-12 NAICS receiver is applicable MU-MIMO case too, e.g. by configuring the serving cell as one of interference cell in NAICS assistant information. However, RAN4 has not specified the enhanced performance requirements for Rel-12 NAICS receiver under MU-MIMO scenario. Thus, Rel-12 NAICS receiver is allowed to fallback to MMSE-IRC receiver and the PDSCH IS/IC processing is not mandatory, once it detects the strongest interference is intra-cell interference. Therefore, it is inappropriate to use Rel-12 NAICS receiver as the benchmark receiver for superposition transmission. So, it is proposed to use SU-MIMO receiver (Rel-11 MMSE-IRC or Rel-12 SU-MIMO R-ML receiver) as the benchmark receiver for performance gain justification.
 Proposal 5: The benchmark receiver for performance gain justification is SU-MIMO receiver (Rel-11 MMSE-IRC or Rel-12 SU-MIMO R-ML receiver).

3 Conclusions
In this contribution, we discussed the details of advanced UE IC/IS receiver candidate for the future RAN1 evaluation. Our proposals are:
Proposal 1: The receiver candidate for Near UE at least includes CWIC and iterative-ML receiver. For the sake of UE implementation complexity, Linear MMSE CWIC (L-CWIC) is proposed as baseline receiver.
Proposal 2: The baseline receiver for Far UE should take performance gain, UE consumption and signalling overhead into account.
Proposal 3: The baseline receiver for CSI calculation is MMSE-IRC receiver for advanced non-linear receiver.
Proposal 4: Resource allocation alignment is assumed to be achievable in intra-cell MU-MIMO scheduling.
Proposal 5: The benchmark receiver for performance gain justification is SU-MIMO receiver (Rel-11 MMSE-IRC or Rel-12 SU-MIMO R-ML receiver).
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