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1 Introduction
In RAN#67, a revised study item on Downlink Multiuser Superposition Transmission (MUST) for LTE has been approved [1]. The revised SI investigates the potential gain of downlink multi-user transmission using the concept of superposition coding.  The gain can be considerable when the multi-user superposition transmission is applied for multiple UEs which have substantially different propagation conditions, for example, applied for the pair of the Near UE and the Far UE as shown in Figure 1.  
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Figure 1: System model of superposition multi-user transmission 
In this contribution, we present Samsung’s view on two different superposition approaches for LTE DL multi-user superposition transmission.
2 Discussion on superposition approaches
2.1 Symbol-Domain Superposition 

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). A possible solution is to simply employ symbol-level superposition coding which can be expressed as [2]
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Figure 2 illustrates an exemplary block diagram of downlink multi-user transmission based on symbol-domain superposition.
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Figure 2: Exemplary Block Diagram of Downlink Multi-user Transmission based on Symbol-domain Superposition
2.2 Bit-Domain Superposition 

Straightforward application of superposition coding at the symbol level may not preserve the Gray-mapping property of QAM constellations specified in 3GPP TS 36.211 [3], requiring modifications to the LLR generator and resulting in performance loss at the Near UE. To solve this issue, implicit and explicit methods can be considered. For example, the XNOR operation or the Gray Converter can be introduced to generate symbol-level superposed constellations with Gray-mapping [4][5]. In comparison to the aforementioned symbol-domain superposition approach, a bit-domain superposition approach which applies the existing coding, rate-matching and modulation mapping  can be used [4][6]. 
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Figure 3: Exemplary Block Diagram of Downlink Multi-user Transmission based on Bit-domain Superposition 
Figure 3 illustrates an exemplary block diagram of downlink multi-user transmission based on bit-domain superposition, where mF and mN indicate the number of bits assigned for the Far UE and the Near UE, respectively, among the total number of bits m. For the case of mF = 2 and mN = 2 with a single codeword (i.e., m= mF + mN = 4), the modulation mapping by 16QAM can be represented as in Figure 4. Such a bit-domain superposition approach inherently provides Gray mapping feature in the output modulation signals.
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Figure 4: Illustrative Example of bit-domain superposition for mF =2 and mN =2 (i.e., m= mF + mN =4), with a single codeword over 16QAM 
Thus, it is suggested to consider bit-domain superposition as well as symbol-domain superposition in Rel-13 superposition transmission study. 

Proposal 1: Consider two superposition approaches: Symbol-Domain Superposition and Bit-Domain Superposition. 
3 Conclusions
In this contribution, we discussed details of the superposition approaches for LTE DL multi-user superposition transmission. Our proposal is: 
Proposal 1: Consider two superposition approaches: Symbol-domain Superposition and Bit-domain Superposition
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