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Introduction
In the approved WID of MUST during RAN#71[1], specification for MUST category 2 is needed. And according to the last 2 meetings in Busan and Nanjing, the key specification is about three aspects: power ratio selection, mechanism for RRC signalling and DCI signalling, and the mechanism for operation of Gray mapping 
In TR36.859[2], the key signal processing block at MUST transmitter is represented by a very general “Joint modulation Gray mapping & Power allocation” block. No more details are provided. However, in contributions as [3][4][5][6][7][8] etc, many companies proposed various ways to achieve the Gray mapping property. Obviously, this is a necessary and very important step for the progress of MUST specification, no matter which method is to be adopted.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]In this paper, we propose that details of the Gray mapping block should be decided to help design the transmitter side of MUST. Next, we discuss the potential details for “Joint Modulation Gray Mapping” block. 

Joint Modulation Gray Mapping
It is depicted in Figure 1 in TR36.859 that the transmitter side processing includes three modules, Coding, RM & Scrambling block, Joint modulation Gray mapping & power allocation block, and add operator block. The data streams TB1 and TB2 go through the first module “Coding, RM & Scrambling” block, then the coded bits are input to the second module “Joint modulation Gray mapping and power allocation” block, at last, two streams of modulation symbols are superposed for transmission.

Figure 1:  An example of transmitter side processing of MUST Category 2 [2]
The two modules in the dashed box can be more clearly explained with the block diagram in Figure 2 that includes joint modulation Gray mapping, power factor multiplication, and superposition of two amplitude weighted modulation symbols.
More specifically, encoded bits b0(0),b0(1) and encoded bits b1(0),b1(1),…, b1(m) are for UE1 (far UE) and UE2 (near UE), respectively. Those bits are mapped to complex modulation symbols x0, x1, which can be represented by Table 1.

[bookmark: OLE_LINK5][bookmark: OLE_LINK13]Figure 2:  An example of transmitter side processing of MUST Category 2

For example, for different modulation combinations, joint modulation Gray mapping table can be represented as Table 1.
Table 1 Joint modulation Gray mapping table 
	[bookmark: OLE_LINK6]b0(0),b0(1)
	x0
	b1(0),b1(1),…, b1(m)
	x1

	Binary sequence
e.g. ‘00’ etc.
	LTE modulation mapping
( b0(0),b0(1) )
	Binary sequence
e.g. ‘00’ if  m=1 etc.
	LTE modulation mapping
 ( b0(0)⊙((b1(0) ⊙b1(2)…⊙b1(m-1)
, (b0(1)⊙((b1(1) ⊙b1(3)…⊙b1(m)
, b1(2), b1(3),…b1(i), i=m )



x0 is obtained by LTE modulation mapping of  b0(0),b0(1) , we depict it with a function named Legacy LTE 
modulation mapping. x1 is obtained by an uniform simple equation, which is  related to b0(0),b0(1), b1(0),b1(1),…,
 b1(m). 

[bookmark: OLE_LINK63][bookmark: OLE_LINK64]This is a typical example to implement “Gray mapping” block. We call it bit-level Gray mapping. There are other ways to implement “Gray mapping” block, such as symbol-level Gray mapping. Besides, s1 and s2 can be obtained directly from the original bits mapping table.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK4]
Once Gray mapping block is clearly defined, the transmitter side details of MUST can easily be specified. 

Conclusion
In this paper, an example of transmitter side processing of MUST Category 2 are discussed further. And further details for joint modulation Gray mapping are provided. We have the following proposals:

Proposal 1：Details of the Gray mapping block should be given to help design the transmitter side of MUST.
Proposal 2：An example of transmitter side processing of MUST Category 2 as Figure 2 shown should be considered.
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