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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK5]The Study Item of MUST is drawn to close. So far, three variants of MUST Category 2 in [1~4][5][6] have been proposed. However, the description of MUST categories in the current TR is quite general, revealing little information on how exactly the signal processing is carried out at the transmitter. It is understandable the block diagram can be implementation specific, yet more definite characterization is needed so that the TR would be informative and useful for the subsequent Work Item. The description of MUST Category 2 is refined in this contribution. 
Gray Mapping Scheme of MUST
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Transmitter side processing of MUST Category 2 can be generally represented as Fig. 1 shows where coded bits of near UE and far UE are input to Gray mapping conversion table first. Then, the modified coded bits of near UE and/or far UE go through Rel-12 QPSK or QAM modulator separately. In the end, component constellations for near UE and far UE are linearly superposed whose power ratio can be adaptive. Gray-mapping property is ensured in the composite constellation through this process.
Specifically, the Gray mapping conversion can be written as follows.


[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK11]where a denotes the coded bits of near UE, b denotes the coded bits of far UE and G(•) denotes the modification of coded bits by Gray mapping conversion table before modulation. Here P1and P2 are the power factor for the near UE and far UE, i.e., P1+P2=1. The actual conversion depends on the power scale type that can have three cases: 
· Power scale type = 1: P1 < P2, and the constellation clusters are not overlapped with each other. A constellation cluster typically corresponds to a quadrant of the composite constellation which is essentially the superposition of lower power component constellation with a higher power constellation point.
· Power scale type = 2: P1 > P2, however, the constellation clusters are not overlapped with each other.
· Power scale type = 3: the constellation clusters are overlapped with each other.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]s1 is the modulated signal targeting for near UE and s2 is the modulated signal targeting for far UE.
            [image: ]
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Figure 1 Signal processing of MUST Category 2 at the transmitter 

[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK18][bookmark: OLE_LINK19]An example is illustrated in Fig. 2 where QPSK modulation is used for both UEs and power scale type = 1. In the case that the coded bits of near UE are “10”, and the coded bits of far UE1 are “10”, then c1c2 are obtained by look-up table, d1d2 are equal to b1b2, followed by legacy QPSK modulator. In this case, the G(•) can be simplified. 
[image: ]
Figure 2 An example of signal processing of MUST Category 2 at the transmitter, Power scale type =1


[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Another example is illustrated in Fig. 3 where QPSK modulation is used for both UEs. Power scale type = 2.In the case that the coded bits of near UE are “10”, and the coded bits of far UE1 are “00”, then d1d2 are obtained by look-up table, c1c2 are equal to a1a2,. It is similar to the first example, the difference is that the bits of near UE and far UE are exchanged. In this case, the G(•) can also be simplified.
[image: ]
Figure 3 The example of signal processing of MUST Category 2 at the transmitter, Power scale type = 2

The third example is showed in Fig.4 where QPSK modulation is used for both UEs. Power scale type = 3.In the case that the coded bits of near UE are “10”, and the coded bits of far UE1 are “00”, then c1c2 and d1d2 are obtained by look-up table. A Gray bits mapping constellation is needed to design this part of the Gray mapping conversion table.
[image: ]
Figure 4 The example of signal processing of MUST Category 2 at the transmitter, Power scale type =3


[bookmark: OLE_LINK34]Table 1 Gray mapping conversion table
	Power scale type
	[bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK121]Modulation pair
Near + far
	c1 c2 c3… cn
	d1 d2 d3… dm

	[bookmark: OLE_LINK117][bookmark: OLE_LINK118]1
	QPSK + QPSK, or
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]16QAM + QPSK, or
[bookmark: OLE_LINK94][bookmark: OLE_LINK95]64QAM + QPSK
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]c1=a1⊕(b1⊙b3…⊙bm-1)
c2= a2⊕(b2⊙b4…⊙bm)
ci=ai (i=3,4…n）
	——


	
	QPSK + 16QAM, or
16QAM + 16QAM
	
	

	
	[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK102][bookmark: OLE_LINK103]QPSK  + 64QAM
	
	

	2

	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]QPSK + QPSK, or
[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK54][bookmark: OLE_LINK55]QPSK + 16QAM, or QPSK + 64QAM
	——

	d1=b1⊕(a1⊙a3…⊙an-1)
d2= b2⊕(a2⊙a4…⊙an)
di=bi (i=3,4…m）

	
	[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK108][bookmark: OLE_LINK109]16QAM + QPSK, or
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]16QAM + 16QAM
	
	

	
	[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK116]64QAM  + QPSK
	
	

	3
	TBD
	TBD
	TBD



[bookmark: OLE_LINK128][bookmark: OLE_LINK129]Table 2 Ranges of value of P1
	Power scale type
	Modulation pair
Near + far
	Value of P1

	1
	QPSK + QPSK
	P1≥0.5

	
	16QAM + QPSK
	P1≥0.6429

	
	64QAM + QPSK
	P1≥0.7

	
	QPSK + 16QAM
	P1≥0.8333

	
	16QAM + 16QAM
	P1≥0.9

	
	QPSK + 64QAM
	P1≥0.9545

	[bookmark: OLE_LINK132][bookmark: OLE_LINK133]2
	QPSK + QPSK
	P1≤0.5

	
	[bookmark: OLE_LINK134][bookmark: OLE_LINK135]QPSK + 16QAM
	P1≤0.3571

	
	[bookmark: OLE_LINK136][bookmark: OLE_LINK137]QPSK + 64QAM 
	P1≤0.3

	
	[bookmark: OLE_LINK138][bookmark: OLE_LINK139]16QAM + QPSK
	P1≤0.1667

	
	16QAM + 16QAM
	P1≤0.1

	
	[bookmark: OLE_LINK140][bookmark: OLE_LINK141]64QAM + QPSK
	P1≤0.0455

	3
	TBD
	TBD



Conclusion
The description of MUST Category 2 was refined in this contribution. More exact signal processing at the transmitter was showed by Gray mapping conversion and power domain superposition of component constellations.
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[bookmark: _Toc418689478]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 of transmit side processing 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  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.
[image: Classification of MUST schemes_SOMA]
Figure 5.3:  An example of transmitter side processing of MUST Category 2*

The “Joint modulation Gray mapping & Power allocation” can be represented as Figure 5.4 where the output of the “Coding, RM & Scrambling” of near and far UEs are input to G(.) table. The output of the table would go through legacy QPSK/QAM modulation and then power scaled accordingly. 
[image: ]
Figure 5.4:  Block diagram of “Joint modulation Gray mapping & Power allocation”
The G(.)can be written as follows.


where a denotes the coded bits of near UE, b denotes the coded bits of far UE. Here P1and P2 are the power factor for the near UE and far UE, i.e., P1+P2=1. The mapping, described in Table 5.2, depends on the power scale type that can have three cases: 
· Power scale type = 1: P1 < P2, and the constellation clusters are not overlapped with each other. A constellation cluster typically corresponds to a quadrant of the composite constellation which is essentially the superposition of lower power component constellation with a higher power constellation point.
· Power scale type = 2: P1 > P2, however, the constellation clusters are not overlapped with each other.
· Power scale type = 3: the constellation clusters are overlapped with each other.
In Table 5.3, ranges of P1 are listed corresponding to different power scale types and modulation combinations.

Table 5.2 Gray mapping conversion table
	Power scale type
	Modulation pair
Near + far
	c1 c2 c3… cn
	d1 d2 d3… dm

	1
	QPSK + QPSK, or
16QAM + QPSK, or
64QAM + QPSK
	c1=a1⊕(b1⊙b3…⊙bm-1)
c2= a2⊕(b2⊙b4…⊙bm)
ci=ai (i=3,4…n）
	——


	
	QPSK + 16QAM, or
16QAM + 16QAM
	
	

	
	QPSK  + 64QAM
	
	

	2

	QPSK + QPSK, or
QPSK + 16QAM, or QPSK + 64QAM
	——

	d1=b1⊕(a1⊙a3…⊙an-1)
d2= b2⊕(a2⊙a4…⊙an)
di=bi (i=3,4…m）

	
	16QAM + QPSK, or
16QAM + 16QAM
	
	

	
	64QAM  + QPSK
	
	

	3
	TBD
	TBD
	TBD



Table 5.3 Ranges of value of P1
	Power scale type
	Modulation pair
Near + far
	Value of P1

	1
	QPSK + QPSK
	P1≥0.5

	
	16QAM + QPSK
	P1≥0.6429

	
	64QAM + QPSK
	P1≥0.7

	
	QPSK + 16QAM
	P1≥0.8333

	
	16QAM + 16QAM
	P1≥0.9

	
	QPSK + 64QAM
	P1≥0.9545

	2
	QPSK + QPSK
	P1≤0.5

	
	QPSK + 16QAM
	P1≤0.3571

	
	QPSK + 64QAM 
	P1≤0.3

	
	16QAM + QPSK
	P1≤0.1667

	
	16QAM + 16QAM
	P1≤0.1

	
	64QAM + QPSK
	P1≤0.0455

	3
	TBD
	TBD



Figure 5.4:  A specific implementation of signal processing in the module of joint modulation Gray mapping & Power allocation* (*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.)

[image: ]
[bookmark: _Ref423944475]Figure 5.4:  An example of composite constellation of MUST Category 2
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