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Introduction
A set of candidate MultiUser Superposition Transmission (MUST) schemes have been proposed in RAN#66, RAN1#80bis and RAN1#81 [1][2][3][4][5][6][7][9][10].
In this contribution, we discuss some further aspects of the MUST schemes proposed so far and perform a classification based on their most relevant characteristics. A corresponding text proposal is contained in [11].
Overview of MUST schemes
The basic idea of all MUST schemes is to perform superposed transmission of at least two UE signals onto the same radio resources, so that the spectrum efficiency and throughput can be boosted with the help of advanced receivers. However, the implementations are diverse among MUST schemes, so are the consequent characteristics. An overview of MUST schemes are given below and their implementations are classified. In the following figures, green (resp., red) blocks and signals refer to the near (resp. far) UE, while grey and black blocks and signals are common to the superposed UEs. TBi,j indicates the ith transport block of the jth UE, where the first UE is near UE and the second UE is far UE and ci,j denotes the codeword for the corresponding transport block.
Overview of implementation options
Combining at codeword level
Figure 1 shows a MUST scheme with combining performed at the codeword level. After channel coding, Rate Matching (RM) and scrambling, the codewords are combined onto the labels of a superposed modulation. 

[image: ]
[bookmark: _Ref423686667]Figure 1. Combining at codeword level.

Combining at the codeword level is performed by a multiuser interleaver (defined in [1]), a device that maps the coded bits of UEs’ codewords onto the labels of a composite constellation. An example of a multiuser interleaver is shown in Figure 2.

 [image: ] 
[bookmark: _Ref414218630]Figure 2. Combiner using a generic structure of multiuser interleaver. 
 
Combining at modulated symbol level
Figure 3 shows a MUST scheme with combining performed at the modulated signal level, i.e. the symbol level. After channel coding, Rate Matching (RM), scrambling and mapping to modulation symbols, the near-UE and far-UE signals are combined.

[image: ] 
[bookmark: _Ref423686822]Figure 3. Combining at modulated symbol level.

[image: ]
[bookmark: _Ref423688305]Figure 4. Linear combiner for modulated signals.




Combining in this case is performed as shown in Figure 4. The far (resp. near) UE signal is amplitude-weighted by coefficient (resp.). The amplitude-weighted signals are added. Coefficient  is the power ratio of the near UE.
In a different implementation, combining at the modulated symbol level is performed after layer mapping as shown in Figure 5. Each spatial layer signal at the precoder input is obtained by combining the layer-mapped signals of multiple UEs using the linear combiners shown in Figure 4.

[image: ] 
[bookmark: _Ref424202032]Figure 5.  Combining at the spatial layer level.

In another implementation, a MUST scheme with combining performed after MIMO precoding as shown in Figure 6. Each antenna port signal sent to RE mappers is obtained by combining the precoded signals of multiple UEs.  Combining is performed using the linear combiners shown in Figure 4 [3].

[image: ] 
[bookmark: _Ref426641847]Figure 6. Combining after MIMO precoding.
A common characteristic among above three implementations is that the modulation mapper of near UE is separated from the modulation mapper of far UE.

Combining at coded bit level with joint modulation mapping


Figure 7 shows a MUST scheme with joint modulation mapping and combining. After channel coding, Rate Matching (RM) and scrambling, the coded bits for near and far UEs are jointly mapped to composite constellations. More specifically, as shown in Figure 7(b), the composite constellation is formed by two component constellations with weights  and . The labeling of one of the component constellations depends not only on the coded bits of near UE but also the coded bits of the far UE. A process, Gray converter, chooses the mapping of coded bits to label for near UE according to the coded bits of far UE, so that the composite constellation still follows the Gray-mapping rule[1][2].

[image: ]
(a)


(b) 
[bookmark: _Ref423944475]Figure 7.  Combining at coded bit level with joint modulation mapping. (a) Transmitter scheme; (b) Joint modulation mapping and combining. 

Summary of candidate MUST schemes
Based on the previous analysis, we summarize the main characteristics of MUST schemes in Table 1. 
Non-Orthogonal Multiple Access (NOMA) is generalized in equation 1 of [3], which can be visualized in Figure 6 where the precoders are UE-specific. When the precoder is the same for all UEs, the scheme is shown in Figure 3. The first main characteristic of NOMA is that UE signals are independently modulated to UE symbols.  And two UE symbols are not mixed together until the combiner processing, as the green data flow in Figure 6 and Figure 3 is not mixed with the red one until the combiner. The second main characteristic of NOMA is that symbols of two UEs are linearly superposed into a composite constellation, as shown in Figure 4. A power ratio between two modulated symbols is always needed. Therefore, the composite constellation does not follow Gray mapping rule and may not be uniform QAM. 
Semi-Orthogonal Multiple Access (SOMA) [1][2] and the scheme in [7] (referred here to as Scheme A [7])  is visualized in Figure 7.  The main characteristic of SOMA and Scheme A is that one of component constellation is generated from coded bits of two UEs by joint modulation mapping, which is called as Gray converter in Figure 7(b), in order to form a Gray mapped composite constellation which is obtained by linear superposition of the component constellation with another one. 
NOMA with Gray mapping [3] performs joint mapping of codeword bits onto the symbols of a Gray mapped composite constellation as shown in Figure 7. However, it can be proved that a composite constellation with Gray mapping rule cannot be generated by UE’s independent modulation and linear combination of UEs’ modulated symbols, the composite constellation of NOMA [3] never fulfills Gray mapping rule. So NOMA with Gray mapping is not derived from NOMA,
Rate-adaptive constellation Expansion Multiple Access (REMA) [2] performs combining of codewords onto labels of a conventional Gray-mapped QAM constellation as shown in Figure 1. No concept of component constellation is used in REMA. REMA allows all possible allocations of label bits of the composite constellation to UEs.
In the scheme [5] (referred here to as Scheme B [5]), the composite constellation is uniform QAM with Gray mapping obtained as the superposition with fixed power ratio of QAM component constellations. Combining and mapping to composite constellation is performed in the bit domain as in Figure 1.The first scheme proposed in [6], Fig. 2 (referred here to as Scheme C [6]) performs linear combining of UE signals after layer mapping, which is also shown in Figure 5. The second scheme ([6], Fig. 3, referred here to as Scheme D [6]) performs combining in the bit domain as shown in Figure 1.
The scheme proposed in [4] (referred here to as Scheme E [4]) performs linear superposition of modulated signals. Scheme E [4] is the same as NOMA [3] with a common precoder for all UEs.
The schemes proposed in [9] (referred here to as Scheme F [9]) and the schemes proposed in [10] (referred here to as Scheme G [10]) are the same as SOMA [1][2].

Table 1. Main characteristics of candidate MUST schemes.
	Candidate Scheme
	Combining level
	Component constellations
	Power ratio
	Type of composite constellation
	Mapping of composite constellation
	Label bit assignment

	NOMA with common UE precoder [3], Scheme E [4], Scheme C [6]
	Modulated symbol
	QAM
	Needed
	Non-
uniform
	Non-Gray
	Based on component constellations

	NOMA with UE-specific precoders [3]
	Modulated symbol, after precoding
	QAM
	Needed
	Non-
uniform
	Non-Gray
	Based on component constellations

	SOMA [1,2], Scheme A [7], Scheme F [9], Scheme G [10], NOMA w. Gray mapping [3]
	Coded bits, joint modulation mapping
	QAM
	Needed
	Non-
uniform
	Gray
	Based on component constellations

	REMA [2]
	Coded bits
	Not needed
	Not needed
	Uniform  (QAM)
	Gray
	On the composite constellation

	 Scheme B [5]
	Coded bits
	QAM
	Fixed
	Uniform (QAM)
	Gray
	On the composite constellation

	 Scheme D [6]
	Coded bits
	Not needed
	Fixed
	Uniform (QAM)
	Gray
	On the composite constellation




Classification of MUST schemes
Based on the above overview of MUST schemes and on the previous classification [8], here we synthesize the key characteristics of MUST schemes for a simplified classification. Compared to the implementation classification, the classification by key characteristics is much simpler, and much precise for standardization.
UE signals’ power ratio


Linear superposition of two component constellations is performed according to the scheme of Figure 4. Allocation of a ratio  (resp.) of the total power to the near (resp. far) UE is performed, therefore schemes using linear superposition need to specify a power ratio for each superposed UE.


Superposition of component constellations may result in a non-uniform composite constellation as the one shown in Figure 8 where two QPSK component constellations are superposed with power ratio  for the near UE and  for the far UE.
[image: ]
[bookmark: _Ref423947627]Figure 8.  Example of non-uniform composite constellation.

Label bit assignment


When the composite constellation is obtained as the superposition of component constellations, the assignment of the composite constellation’s label bits to UEs is determined by the component constellations. In the example shown in Figure 8, a QPSK component constellation for the near UE and a QPSK component constellation for the far UE are superposed onto a composite constellation with 16 points. The labeling reflects the way the composite constellation is obtained: the two most-significant bits are assigned to the UE with larger power coefficient ( for the far UE) and the two least-significant bits are assigned to the UE with smaller power coefficient (for the far UE).
For schemes not based on component constellations, the label bits of the composite constellation can be arbitrarily assigned to each UE. The assignment can be fixed for the whole codeword or it can be variable along the codeword . We refer to these schemes as characterized by “adaptable label bit assignment”.

Mapping of composite constellation
As a result from the superposition combining level, i.e. coded bit level or symbol level, the composite constellation of superposition can follow the Gray mapping rule or not. Because the superposition combining level is an implementation issue, the mapping of composite constellation should be the better key characteristic.
In summary, we have three key characteristics in Table 2, whose original version was also presented in [8] last meeting. The update news is that all schemes have been categorized according to their key characteristics. It can be proved that a composite constellation with Gray mapping rule cannot be generated by linear combination of UEs’ modulated symbols. So NOMA with Gray mapping is not derived from NOMA [3], but superposes two UEs’ coded bits in a joint modulation way rather than UEs’ independently modulated symbols. NOMA with Gray mapping should be categorized into the same group as SOMA. Accordingly, there is causal relationship between the superposition domain and the Gray mapping, the Gray mapping should be kept and the superposition domain, the last column in Table 2, is marked in grey and is dropped.

[bookmark: _Ref426570837]Table 2. Classification of MUST schemes and their key characteristics.
	
	
	KEY CHARACTERISTICS
	

	Candidate Schemes
	Power ratio
	Gray mapping
	Label bit assignment
	Superposition type/domain

	NOMA
	NOMA with common UE precoder,
NOMA with UE-specific precoders [3],
 Scheme E [4],
 Scheme C [6]
	Needed
	N
	Based on component constellations
	Linear/symbols

	SOMA
	SOMA[1][2], 
Scheme A [7], 
Scheme F [9], 
Scheme G [10],
	Needed
	Y
	Based on component constellations
	Non-linear/bits

	
	NOMA with Gray mapping [3]
	Needed
	Y
	Based on component constellations
	Non-linear/bits

	REMA
	REMA [2],
Scheme B [5](*),
Scheme D [6]
	Not needed
	Y
	On the composite constellation
	Non-linear/bits


(*) Although this scheme has been presented as having a fixed power ratio of near and far UE component constellations, such power ratio does not need to be explicitly signaled when the composite constellation is known.

Proposal for classification of MUST schemes
We perform a classification of candidate MUST schemes based on the three key characteristics highlighted in Table 2.
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