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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 are given as follows: 

· 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 the candidate superposition transmission schemes.
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Figure 1 Superposition Transmission

2. Categories of Superposition Transmission Schemes 
Two variants of superposition transmission schemes are described as follows. 
The first category of superposition transmission is the linear superposition coding shown in [2] by transmitting to multiple UEs with different power allocations but using the same precoding vectors/matrices.  The near-UE receiver performs demodulation of the received signal, decoding of the far-UE symbol and then cancellation of the far-UE signal from the received signal. Finally, the near-UE receiver performs decoding of the near-UE codeword. 
The second variant of superposition coding is superposed constellation, obtained by linear superposition as above. Constellation labelling is performed according to a Gray mapping which maps labels with minimum Hamming distance to constellation symbols with minimum Euclidean distance. Therefore, the superposed signal has the characteristics of Gray constellation via a Gray converter or an XOR operation to the near UE’s signal.
3. Discussion of Downlink Superposition Transmission Schemes
Linear superposition coding as described in [2], as one of many candidates, could be relatively straightforward. However even for linear superposition coding, the complexity of the evaluations has been raised due to different combinations of transmission schemes, modulations, power allocations, and also dynamic interference conditions. 
In Rel 12 NAICS, the dominant interference could be intra or inter site. A NAICS UE can try its best to cancel or suppress the interference blindly and/or using semi-static assistance information from the network. RAN1 has agreed that the performance of NAICS UE should not degrade with or without interference cancellation. 

On the other hand the scenarios for Rel 13 downlink superposition transmission focus on intra-cell multiuser transmission. The information theory behind these Rel 13 schemes, using linear superposition coding as example, is to increase frequency or spatial reuse factor but at the same time the victim UE must be able to successfully decode its own message. In other words, the superposition scheme will create more subchannels by power splitting and “virtually” increase subchannels which do not interfere with each other. Therefore the interference cancellation capability of victim UE is the most critical to ensure whole operation successfully. The victim UE should be able to cancel and suppress the majority of (even 100%) dominant intra-cell interferer(s). Any failure to do so will lead to wrong scheduling decisions, since the network may waste the power allocation for the victim UE which cannot decode at all under severe interference conditions. It may not be easy to claim that the performance of Rel 13 superposition UE will not degrade since its interference condition is far worse and more dynamic than Rel 12 NAICS UE. Being too optimistic for victim UE will eventually reduce the network efficiency and may lead to zero or negative gain. More detailed study is absolutely needed to develop better mutual understanding about likely UE capabilities for interference cancellation/suppression. 

Proposal #1: The UE interference cancellation capability related to superposition transmission schemes should be carefully studied. 
In current LTE systems, DL HARQ process retransmissions with different redundancy versions are critical for an efficient decoding procedure before reaching the maximum number of retransmissions when the initial transmission fails. However, the HARQ process and operation are not fully studied or understood for a two-stage decoding procedure, e.g. with hard CWIC, at the near UE. Near UEs with advanced receivers may firstly decode the far UE’s signal and then remove it from the received signal with the help of some assistance information provided to the near UE. Then the near UE will decode its own PDSCH data. Any of these two decoding procedures at the near UE could be erroneous and may interrupt more or less the HARQ process of near and/or far UE, for example there may be a priority issue between near and far UEs for retransmission and corresponding power allocation.  Note that with the current specifications the network does not know the cancellation capability of UE under dynamic intra-cell interference conditions. So generally speaking the network has to assume perfect interference cancellation at near UE per TTI with arbitrary power allocation and dynamic intra-interference condition which seems to impose very stringent requirements for UE implementation.  
Proposal #2: The HARQ process to support the UE-side interference cancellation should be studied for multiuser superposition transmission. 

In MUST, near UEs will suffer seriously from far UEs because far UEs are at cell edge and allocated a large transmission power. Whether the interference signal caused by far UEs could be cancelled perfectly and how much interference could be cancelled are critical for near UEs to decode their own data, and also for eNB scheduling decision. To decode a far UE’s signal at the near UE, the information of allocated transmit power between paired UEs may be needed at the near UE. Without the power allocation information, it will be quite difficult to correctly decode the interference signal at the near UE, and this will affect the ability of the near UE to decode its own PDSCH data after removing intra-cell interference. Therefore, for both CRS-based and DM-RS based transmission modes, transmit power allocation information for both near and far UE may be needed at the near UE for superposition transmission. 

Proposal #3: For both CRS-based and DM-RS based transmission modes, the provision of transmit power allocation information should be studied for superposition transmission.
4. Conclusions

In this contribution we have reviewed superposition transmission schemes and discussed downlink superposition transmission.   We have following proposals:

Proposal #1: The UE interference cancellation capability related to superposition transmission schemes should be carefully studied. 
Proposal #2: The HARQ process to support the UE-side interference cancellation should be studied for multiuser superposition transmission. 

Proposal #3: For both CRS-based and DM-RS based transmission modes, the provision of transmit power allocation information should be studied for superposition transmission.
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