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1. Introduction
The first objective of MUST Study Item is to identify and study possible enhancements of downlink multiuser transmission schemes within one cell. In this contribution, we discuss several superposition schemes which can be categorized from two perspectives.
2. Potential Transmission Schemes
There can be two ways to categorize MUST schemes proposed so far. One is based on whether the combined constellation is Gray labeled or not Gray labeled, and the other based on whether the superposition is carried out at symbol level or at bit level.
2.1. Gray mapping vs. Non-Gray mapping
Among the four multi-user superposition schemes to be discussed below, MUST scheme 1 belongs to the family of non-Gray mapping, while MUST scheme 2 to MUST scheme 4 belong to the family of Gray mapping.
· MUST scheme 1: direct power domain superposition
As shown in Fig. 1, data bits of different UEs are encoded, modulated and superposed with different transmission powers [1]. It is known that the combined constellation of direct superposition is not Gray labelled in general, meaning that in the combined constellation, there are two or more bits flipped between adjacent constellation points from different clusters of sub-constellations. 
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Figure 1 Direct superposition of modulated signals

In theory, the capacity bound can be achieved via code-word level SIC in receiver. However, relatively high delay, energy consumption, and implementation complexity are huge challenges for UE receiver. In this sense, symbol level SIC may be more practical. In [2-3], it is shown that when ML receiver or symbol level SIC is used, the gray labeled superposition scheme can enhance the decoding performance compared to superposition scheme without gray labeled.
· MUST scheme 2:  non-uniform combined constellation with Gray mapping
Fig. 2 shows combined superposition symbol with Gray labeled by XOR operation of coded bits before modulation. 
Its difference from MUST scheme 1 is that the coded bits of UE1 are modified according to the coded bits of UE2. More specifically, the coded bits of UE1 would XOR the coded bits of the UE2 before modulation [4].
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Figure 2 Combined superposition symbol with Gray labeled by XOR operation before modulation
MUST scheme 2 can be implemented by flipping modulated symbols of UE1 as seen in Fig. 3. Its difference from MUST scheme 1 is that the amplitude-weighted symbols of UE1 are modified by horizontally or vertically flipping in accordance to the amplitude-weighted symbols of UE2 [4]. 
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Figure 3 Combined superposition symbol with Gray labeled by flipping after modulation
· MUST scheme 3:  uniform constellation design
Fig. 4 illustrates uniform constellation design and bits to modulation symbol mapping. The coded bits of UE1 (basic layer) and coded bits of UE2 (enhancement layer) are jointly mapped onto the uniform constellation [5]. For example, uniform 16QAM, 64QAM, and 256QAM as combined constellation are used. And in total there are only 6 combinations for superposition of UE1 and UE2, each with only one power split ratio. 
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Figure 4 Uniform constellation design and bits to modulation symbol mapping
The performance of this scheme is expected to be sub-optimal, since the constellation for MUST is limited by less number of choices of bit partitions and power partitions [6]. UE needs to know which one of the 6 combinations being used and how the bit to constellation mapping is defined [8].
· MUST scheme 4:  joint bits to constellation mapping
Fig. 7 illustrates joint modulation scheme between superposed UEs. The coded bits of both UE1 and UE2 are jointly modulated, and mapped onto the signal constellation based on Gray mapping [7]. Joint modulated method can ensure Gray constellation. And with appropriate transmit power split, it is possible to achieve good performance with interference cancellation schemes discussed in Rel-12.
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Figure 5 Joint modulation scheme between paired UEs
2.2. Symbol level superposition or bit level partition
Alternatively, MUST schemes can be categorized based on at which level the superposition is carried out. To be more specific, MUST Schemes 1~2 belong to the category of symbol level superposition, whereas MUST Schemes 3~4 belong to the category of bit level partition.
Symbol level superposition assumes uniform constellation of each user's modulation symbol, resulting in general a non-uniform constellation, given the arbitrary power partitions. For example, as Fig. 6 shows, although the combined constellation consists of 16 points, the inter-distance between the clusters of QPSK sub-constellations depends on the power assignment and the constellation of each superposed user.
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Figure 6 Symbol level superposition.
For the symbol level superposition, such as MUST scheme 1, combined superposition symbols are generated by linear superposition of modulated symbols. The power allocation factors would be signalled to UE for proper demodulation.
Bit level partition fulfills uniform constellation of the combined modulation symbol, by limiting the combinations of bit partitions and power partitions. For example, as shown in Fig. 7, the combined constellation is the standard 16QAM. 
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Figure 7 Bit level partition
For the bit level partition, such as MUST scheme 3, combined superposition symbols are generated by bit level partition. The information of the bit mapping of the constellation points, and which bit(s) belong to the receiver are required for the enhancement layer UE [8].
3. Conclusions

In this contribution, potential MUST schemes are categorized based on:

· whether the combined constellation is Gray labeled or non-Gray labeled, or
· Whether it is symbol level superposition or bit level partition.
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