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1. Introduction

An overview of the categories for MUST candidate schemes is provided in section 2 as a text proposal for TR36.859. 
2. Text Proposal 
--------------------------< Start of text proposal for TR36.859 >--------------------------
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5
Multiuser superposition transmission schemes

Editor notes: Describe candidate multiuser superposition transmission schemes, potential specification impacts, UE complexity analysis and link-level performance.
5.1 Candidate multiuser superposition transmission schemes

Categorization of MUST schemes is primarily based on how the signals of different users are multiplexed. Since the focus of MUST Study Item is on superposition transmission using the same precoder, the aspect of precoding is not essential in MUST scheme categorization, and thus is omitted in this section for clarity.
MUST schemes proposed so far can be grouped into two major categories: 

Category 1: symbol level superposition with flexible power partition between users.

Category 2: bit partition of Rel-12 QAM constellation between users. 

MUST Category 1 can be further divided into two sub-groups:

Category 1a: Direct superposition without the need to keep Gray mapping

Category 1b: Indirect superposition to keep Gray mapping

Key characteristics and references of these three categories are listed in Table 5.1.
Table 5.1: Categorization of MUST schemes, key characteristics and references
	Categories
	Power allocation
	Gray mapping
	Constellation of composite modulation symbol
	Reference

	MUST Category 1a
	Y
	N
	Non-uniform
	[3],[4],[5],[6],[7],[8],[15]

	MUST Category 1b
	Y
	Y
	Non-uniform
	[4],[6],[7],[9],[11],[12],[13], [14]

	MUST Category 2
	N/A
	Y
	Rel-12 QAM mappings
	[6],[10]


This TR mainly addresses the cases of two-user superposition. For convenience, the UE with relatively higher wideband DL SINR is considered as “near UE”, while the UE with relatively lower SINR is considered as “far UE”.
5.1.1
MUST Category 1a: Direct superposition w/o need to keep Gray mapping
Figure 5.1 is the block diagram showing the basic processing of Category 1a schemes. It should be noted that this figure is only an example of implementation. After channel coding, every m coded bits of near UE are modulated using Rel-12 QPSK or 2m-QAM mapping. Similarly, every n bits of far UE are modulated using Rel-12 QPSK or 2n-QAM mapping. The component modulation symbols of near and far UEs are scaled by power P1 and P2, respectively, before being linearly superposed. Since each component modulation is Gray mapped, their direct superposition cannot maintain Gray mapping property. 
Due to the flexible power partition, the constellation of the combined symbol is in general non-uniform, i.e., non-equally spaced grid.  
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Figure 5.1: An example of block diagram of transmitter side processing of MUST Category 1a.
Figure 5.2 is an illustration of QPSK + QPSK, i.e., m = n = 2, with power ratio of =P1/(P1+P2). The constellation of combined symbol has 16 points. Although still rectangular, the grid is not equally spaced. The mapping does not have Gray property.
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Figure 5.2: An example of combined constellation of MUST Category 1a.
5.1.2
MUST Category 1b: Indirect superposition to keep Gray mapping
Figure 5.3 is the block diagram of Category 1b schemes. It is a more general form of Figure 5.1, by adding bit concatenation and constellation mapping blocks.  After channel coding, every m coded bits of near UE and every n bits of far UE are concatenated to form a (m+n) bit long sequence. “Indirect” here refers to the constellation mapping that can keep Gray mapping property in the combined symbol. Several ways are proposed for constellation mapping, with the commonality in two aspects: 1) requiring the knowledge of power partition; and 2) keeping the same bit partition as of the incoming bits of near and far UEs, i.e., m: n. 

Similar to Category 1a, the constellation of the combined symbol of Category 1b is in general non-uniform, i.e., non-equally spaced grid.  
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Figure 5.3: An example of block diagram of transmitter side processing of MUST Category 1b.

Figure 5.4 is an illustration of combined symbol when both near and far UEs have m = n = 2 bits to send. The constellation of combined symbol has 16 points. Although still rectangular, the grid is not equally spaced in general. The mapping has Gray property.
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Figure 5.4: An example of combined constellation of MUST Category 1b.
5.1.3
MUST Category 2: Bit partition of Rel-12 QAM constellation
(To be added)
--------------------------< End of text proposal for TR36.859 >--------------------------
