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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 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 the candidates of superposition transmission schemes.
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Figure 1 Superposition Transmission

2. Review of Superposition Transmission Schemes 
Two variants of superposition transmission schemes can be found in [2]. 
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Figure2. Two-receiver broadcast channel

The first category of superposition transmission is homogeneous superposition coding by which both messages are first encoded independently via separate random codebooks of auxiliary sequences. To send a message pair, the auxiliary sequences associated with each message are then mapped through a symbol-by-symbol superposition function to generate the actual codeword.
For example, the sender wants to communicate M1 to receiver1 and M2 to receiver 2. For the encoding of this category of superposition transmission, to send the message pair (m1, m2), transmit 
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 achievable for receiver 1 and receiver 2. 
Linear superposition coding shown in [3] also belongs to this category by transmitting multiple UEs with different power allocations but using same precoding vectors/matrices.  Non-linear superposition coding can be classified as homogenous superposition coding in principle. Non-linear superposition coding will non-linearly combine amplitude-weighted, encoded and modulated messages for multiple users using Gray-labelled superposed constellation 
The second category of superposition coding is heterogeneous superposition coding by which the coarse message (from the interfering UE) is encoded into a random codebook of auxiliary sequences. Based on each encoded auxiliary sequence of the coarse message, a random satellite codebook is generated conditionally independently to represent the fine message (from the victim UE).
 For example, the sender wants to communicate M1 to receiver1 and M2 to receiver 2. For the encoding of the heterogeneous superposition transmission, to send the message pair (m1, m2), transmit 
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sequences. Then for each message
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3. Downlink Superposition Transmission Schemes
It is unclear for us about details of superposition transmission schemes that RAN1 is going to study. The literature review suggests multiple candidates which can fit into the objectives of SI [1]. There may have quite some variances like homogenous and heterogeneous superposition strategies supported by network coding and/or other superposition constraints designed from codeword or symbol level combining.  However these details of strategies really matter for further RAN1 study.  Link level simulation has to be built firstly in order to understand how these superposition strategies can impact the receiver architecture and the interaction between link level and system level simulators. 
Proposal #1: The candidates of superposition transmission schemes should be clarified firstly before further evaluation. 
Linear superposition coding in [3], as one of many candidates, could be relatively straightforward. However even for linear superposition coding, the complexity of scheme has been raised due to different combinations of transmission schemes, modulations, power allocations, and also dynamic interference condition. In Rel 12 NAICS, the dominant interference could come from intra or inter site. A NAICS UE can do 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 cancellation. 
On the other hand the scenarios for Rel 13 downlink superposition transmission focus on intra-cell multiuser transmission. The information theory behind these schemes, using linear superposition coding as example, is to increase frequency reuse factor but at the mean 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 each other. Therefore the interference cancellation capability of victim UE is the most critical to make whole operation successfully. The victim UE should be able to cancel and suppress majority of (even 100%) dominant intra-cell interferer(s). Any failure to do so will lead to wrong scheduling decision 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 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 between the eNB and UEs about UE specific capability for interference cancellation/suppression. 
Proposal #2: The UE interference cancellation capability related to superposition transmission schemes should be studied. 
4. Conclusions

In this contribution we have reviewed superposition transmission schemes and discussed downlink superposition transmission.   We have following proposals:
Proposal #1: The candidates of superposition transmission schemes should be clarified firstly before further evaluation. 

Proposal #2: The UE interference cancellation capability related to superposition transmission schemes should be studied. 
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