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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

This subsection describes MUST schemes enabling the simultaneous transmission of more than one superposed data layer for co-scheduled users using the same spatial precoding vector or the same transmit diversity. Three key characteristics are identified in Table 1 for the categorization of MUST schemes proposed in [3-17]. Based on the listed characteristics, the proposed MUST schemes can be categorized into three categories – MUST Category 1 [3,4,5,6,7,8,16,17], MUST Category 2 [4,6,7,9,11,12,13,14],  MUST Category 3 [6,10,15]. More details are described in the following sections.

Table 1: Classification of MUST schemes and their key characteristics
	Categories
	Power ratio
	Gray mapping
	Label-bit assignment

	MUST Category 1
	adaptive, on component constellations
	N
	on component constellations

	MUST Category 2
	adaptive, on component constellations
	Y
	on the composite constellation

	MUST Category 3
	N/A
	Y
	on the composite constellation


Among the two UEs that are superposed, the UE with higher SINR is considered as MUST-near UE, while the UE with lower SINR is considered as MUST-far UE.
5.1.1
MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation
This category includes MUST schemes with independent mapping of coded bits of two or more co-scheduled UEs to component constellation symbols which are superposed with adaptive power ratio. The composite constellation does not have Gray mapping. The assignment of label bits to UEs is done on component constellations. 
An example transmitter implementation for this category is shown in Figure 5.1. After independent channel coding, rate matching (RM), scrambling, mapping to modulation symbols, the signals of MUST-near UE and MUST-far UE are combined with amplitude-weight 
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, respectively, where 
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 is the transmission power ratio for a MUST-near user. Figure 5.2 shows an example composite constellation of MUST Category 1.
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Figure 5.1: Example transmitter implementation of MUST Category 1: Transmitter block diagram*
(*The figure is for illustration purpose only, and does not imply any restriction for multiuser superposition transmission schemes. In addition, the figure may not represent a complete flow of a specific multiuser superposition transmission scheme.)
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Figure 5.2: Example composite constellation of MUST Category 1
5.1.2
MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation
This category includes MUST schemes with joint mapping of coded bits of two or more UEs to component constellations which are superposed with adaptive power ratio. The composite constellation has Gray mapping. The assignment of label bits to UEs is done on the composite constellation.
An example transmitter implementation for this category is shown in Figure 5.3. After channel coding, rate matching (RM) and scrambling, the coded bits for MUST-near and MUST-far UEs are jointly mapped to modulation symbols with 
[image: image6.wmf]a

 which is the transmission power ratio for a MUST-near user. More specifically, the modulation symbols of MUST-near UE depend on not only the coded bits of MUST-near UE but also the coded bits of MUST-far UE. With joint modulation mapping for MUST-near and MUST-far UEs, Gray mapping is kept for the label bits of the composite constellation. Figure 5.4 shows an example composite constellation of MUST Category 2.
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Figure 5.3:  Example transmitter implementation of MUST Category 2: Transmitter block diagram*
(*The figure is for illustration purpose only, and does not imply any restriction for multiuser superposition transmission schemes. In addition, the figure may not represent a complete flow of a specific multiuser superposition transmission scheme.)
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00

11

)

(

00

01

)

(

00

00

)

(

00

10

)

(

01

1

0

)

(

01

00

)

(

01

01

)

(

01

11

)

(

11

00

)

(

11

10

)

(

11

11

)

(

11

01

)

(

10

01

)

(

10

11

)

(10

10

)

(

10

00

)

(

10

10

)

Near

-

UE

bits

Far

-

UE

bits


Figure 5.4:  Example composite constellation of MUST Category 2
5.1.3
MUST Category 3: Superposition transmission with label-bit assignment on Gray-mapped composite constellation
This category includes MUST schemes where the coded bits in the codewords of two or more UEs are directly superposed onto the symbols of a composite constellation. The assignment of label bits to UEs is done on the composite constellation. 
An example transmitter implementation for this category is shown in Figure 5.5. In this category, all operations are performed on the composite constellation, instead of component constellations. The composite constellation is uniform quadrature amplitude modulation (QAM) with Gray mapping and legacy constellation can be reused. Figure 5.6 shows an example composite constellation of MUST Category 3.
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Figure 5.5: Example transmitter implementation of MUST Category 3: Transmitter block diagram*
(*The figure is for illustration purpose only, and does not imply any restriction for multiuser superposition transmission schemes. In addition, the figure may not represent a complete flow of a specific multiuser superposition transmission scheme.)
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Figure 5.6: Example composite constellation of MUST Category 3
5.2
Candidate receiver schemes

Candidate receiver schemes to enable various MUST schemes for both MUST-far and MUST-near users are listed as follows, respectively.  Detailed description of each candidate receiver scheme can be referred to [y].
· Candidate receiver schemes for MUST-far user
· Linear minimum mean square error with interference rejection combining (LMMSE-IRC) receiver

· Maximum likelihood (ML) receiver
· Reduced complexity maximum likelihood (R-ML) receiver
· Symbol level interference cancellation (SLIC) receiver
· Candidate receiver schemes for MUST-near user
· Maximum likelihood (ML) receiver

· Reduced complexity maximum likelihood (R-ML) receiver
· Symbol level interference cancellation (SLIC) receiver

· Linear codeword level successive interference cancellation (L-CWIC) receiver
· Maximum likelihood codeword level successive interference cancellation (ML-CWIC) receiver
--------------------------< End of text proposal for TR36.859 >--------------------------
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