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Introduction
In the approved WID of MUST during RAN#72[1], specification for MUST category 2 is needed. It was agreed in last meeting that for Gray mapped composite constellation, it can be identified by 3 alternatives as follows.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]For Gray-mapped composite constellation:
· Alt 1: Bit-level Gray conversion is specified
· Alt 2: Symbol-level Gray conversion is specified
· Alt 3: up to implementation (where the bits are mapped to the composite-constellation)
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]In this paper, firstly, we propose that it is necessary to identify the composite constellation, and then we provide the 
analysis and comparison of different methods to identify the composite constellation.
Gray mapped composite constellation
· It is certain that composite constellation need to be specified to make BS/UE know the mapping between incoming bits and composite constellation points.
We can conclude from 3 aspects of reasons as follows.
· The Gray mapping in MUST is different with QPSK/16QAM/64QAM/256QAM modulation mapping in legacy LET. Specifically, 
a) [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Incoming bits include two bits stream, while legacy mapping is relate to one bit stream and constellation symbols.
b) Composite constellation is in general un-uniform constellation, while legacy constellation is uniform constellation.
· If the Gray mapped composite constellation is not specified. The base station and UEs may do modulation or demodulation according to different mapping relation.  And then UE will not demodulate correctly. 

Figure 1 Different ways of bits mapping to constellation points (example for QPSK+QPSK)
As figure 1 shown, a example is given that at the transmitter the bit stream “0001” mapping to the black point, but at the receiver it is not known what bit information mapping to the black point, it may be “0011”,”0010”,”0000” or others. It will not be unified and standard mapping for transmitter and receiver if we don’t specify the Gray mapped composite constellation.
· To specify Gray mapped composite constellation is helpful for later researchers, it will be very clear for them to know how incoming bits mapping to Gray mapped composite constellation. For example as figure 2 showed.

Figure 2 Example of Gray mapped composite constellation 
(For QPSK + QPSK, adaptive power ratio)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK4]Next, we have to think how to describe the mapping between bits stream and composite constellation. We try to identify the composite constellation with 3 approaches. Table 1 depicts the difference of 3 approaches of definition for Gray-mapped composite constellation. Details of these 3 approaches are described in Appendix A

Table 1 Definition for Gray-mapped composite constellation
	
	Alt. a
	Alt. b
	Alt. c-1
	Alt. c-2

	Definition Method
	Closed-form formula
	Mapping table with formula
	Mapping table w/o formula

	Effort for spec
	Very little (1 line)
	Middle(336 line)
	Very much(1444 line)
	Middle(68 line)

	Forward compatibility
	GOOD
	GOOD
	BAD
	BAD



· It is observed that compared with Alt. b and Alt. c, Alt. a has much more simple description for spec, better forward compatibility, and it is more consistent with characteristics of MUST category 2. Specifically,
· Simple Description. Closed-form formula is very simple. It is a more general description especially for flexible power ratio.
· Better forward compatibility. If modulation order for far UE is allowed to be 16QAM or other multiple power ratios are allowed, e.g., there could be more values for power ratios in future releases of MUST, the spec should be defined to well accommodate that. The proposed Alt. a is general enough to cover those possible modifications.
· More consistent with characteristics of MUST category 2. It is out of question to specify Category 2 according to the objectives in the approved WID (RP-161019). The essence of Category 2 is the adaptive power ratio (which can be arbitrary) and the processing on the component constellations, as described in TR 36.859. e.g., it could be joint mapping of coded bits of two UEs to component constellations which are superposed with flexible power ratio that lead to Gray mapped composite constellation.
Draft Text proposal
MUST is essentially a multi-user transmission scheme and its specification should reside in 36.213, i.e., right next to MU-MIMO, instead of in 36.211 appendix which is for generic modulation table (not for MU).

And The MUST-near UE may assume that the eNB transmission signal on the PDSCH with interference at least in one layer according to the closed-form formula and  Lookup Table of legacy LTE constellation as following,
Table 3 Modulation mapping table 
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	b0(0),b0(1)
	b11(0),b11(1),…, b11(m)
	sqrt(a)*I0+ (sqrt(1-a))*I11
	sqrt(a)*Q0+ (sqrt(1-a))*Q11



In Table 3, I0, I11, Q0, Q11, is achieved by legacy LTE constellation. Encoded bits b0(0),b0(1) are intend for MUST-far UE. Encoded bits b1(0),b1(1),…, b1(m) are intend for MUST-near UE. The bit conversion is done by: b11(0),b11(1),…, b11(m) = (b0(0)⊙b1(0), b0(1)⊙b1(1), b1(2),…b1(m)), where the symbol “⊙” denotes XNOR or XOR operation. The number m = 1, 3, 5. a is flexible or adaptive power ratio.	

Note：Other equivalent formula is not excluded.

Conclusion
For Gray-mapped composite constellation, we have the following proposals:
[bookmark: OLE_LINK9]Proposal 1：Composite constellation need to be specified to make BS/UE know the mapping between incoming bits and composite constellation points.
Proposal 2：Alt. a with Closed-form formula should be adopted for much more simple description for spec, better forward compatibility, and because it is more consistent with characteristics of MUST category 2.
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Appendix A

Table A1 depicts the difference among 3 approaches of definition for Gray-mapped composite constellation

Table A1 Definition for Gray-mapped composite constellation
	
	Alt. a
	Alt. b
	Alt. c-1
	Alt. c-2

	Definition Method
	Closed-form formula
	Mapping table with formula
	Mapping table wo formula

	Effort for spec
	Very little (1 line)
	Middle(336 line)
	Very much(1444 line)
	Middle(68 line)

	Forward compatibility
	GOOD
	GOOD
	BAD
	BAD



· [bookmark: OLE_LINK11]Alt. a
When co-scheduled UEs are configured for MUST operation, for MUST of the PDSCH, the MUST-far UE may assume that the eNB transmission signal on the PDSCH in each layer is QPSK symbols.(QPSK is legacy LTE QPSK ), 

MUST is essentially a multi-user transmission scheme and its specification should reside in 36.213, i.e., right next to MU-MIMO, instead of in 36.211 appendix which is for generic modulation table (not for MU).

And The MUST-near UE may assume that the eNB transmission signal on the PDSCH with interference at least in one layer according to the closed-form formula and  Lookup Table of legacy LTE constellation as following,
Table A2 Modulation mapping table 
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	b0(0),b0(1)
	b11(0),b11(1),…, b11(m)
	sqrt(a)*I0+ (sqrt(1-a))*I11
	sqrt(a)*Q0+ (sqrt(1-a))*Q11



· Alt. b 
336 lines mapping tables similar to modulation mapping table in 36.211 are defined. E.g. For QPSK + QPSK, for adaptive power ratios, 16 lines table would be needed.
Table A3 Modulation mapping table 
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	00
	00
	-sqrt(a)*I0- (sqrt(1-a))*I1
	-sqrt(a)*Q0- (sqrt(1-a))*Q1

	00
	10
	
	

	00
	11
	
	

	00
	01
	
	

	10
	00
	sqrt(a)*I0- (sqrt(1-a))*I1
	sqrt(a)*Q0- (sqrt(1-a))*Q1

	10
	10
	
	

	10
	11
	
	

	10
	01
	
	

	11
	00
	sqrt(a)*I0+ (sqrt(1-a))*I1
	sqrt(a)*Q0+ (sqrt(1-a))*Q1

	11
	10
	
	

	11
	11
	
	

	11
	01
	
	

	01
	00
	-sqrt(a)*I0+(sqrt(1-a))*I1
	-sqrt(a)*Q0+(sqrt(1-a))*Q1

	01
	10
	
	

	01
	11
	
	

	01
	01
	
	



Similarly, for QPSK+16QAM , 64 lines  table would be needed, for  QPSK+64 QAM , 256 lines  table would be needed, So totally 336 lines table would be needed for Alt. b

· Alt. c-1

- 6/6 -
Alternative c-1 is similar with alternative b, but the power ratio is fixed for each table.


Table A4 Modulation mapping table For QPSK + QPSK , a = 0.8
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	00
	00
	1
	1

	00
	10
	3
	1

	00
	11
	3
	3

	00
	01
	1
	3

	10
	00
	-1
	1

	10
	10
	-3
	1

	10
	11
	-3
	3

	10
	01
	-1
	3

	11
	00
	-1
	-1

	11
	10
	-3
	-1

	11
	11
	-3
	-3

	11
	01
	-1
	-3

	01
	00
	1
	-1

	01
	10
	3
	-1

	01
	11
	3
	-3

	01
	01
	1
	-3



Table A5 Modulation mapping table For QPSK + QPSK , a = 0. 86207
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	00
	00
	3
	3

	00
	10
	7
	3

	00
	11
	7
	7

	00
	01
	3
	7

	10
	00
	-3
	3

	10
	10
	-7
	3

	10
	11
	-7
	7

	10
	01
	-3
	7

	11
	00
	-3
	-3

	11
	10
	-7
	-3

	11
	11
	-7
	-7

	11
	01
	-3
	-7

	01
	00
	3
	-3

	01
	10
	7
	-3

	01
	11
	7
	-7

	01
	01
	3
	-7



Similarly, for QPSK + QPSK (4 power ratios), 64-line table would be needed, totally 1444 lines table would be needed for Alt. c-1.
· Alt. c-2
Alternative c-2 is the modification of alternative c-1, which can save much more description.
Table A6 Modulation mapping table
	Mod of Near UE
	a
	Mother constellation
	bit assignment
 for far UE
	bit assignment for near UE
	Note

	QPSK
	0.8
	LTE 16QAM
	3,2
	1,0
	

	QPSK
	0.86207
	LTE 64QAM
	5,4
	3,2
	

	16QAM
	0.7619
	LTE 64QAM
	5,4
	3,2,1,0
	

	16QAM
	0.87805
	LTE 256QAM
	7,6
	None
	Extra 64 lines

	64QAM
	0.75294
	LTE 256QAM
	7,6
	5,4,3,2,1,0
	



For QPSK + 16QAM, a=0.87805, bit assignment for far UE could be the 2 MSB bits, however, it is hard to assign the bits for near UE according to LTE 256QAM constellation. It would need extra 64 lines to define the mapping as following.
Table A7 Modulation mapping table
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	00
	000000
	5
	5
	01
	000000
	5
	-5

	00
	000001
	5
	7
	01
	000001
	5
	-7

	00
	000010
	7
	5
	01
	000010
	7
	-5

	00
	000011
	7
	7
	01
	000011
	7
	-7

	00
	000100
	5
	3
	01
	000100
	5
	-3

	00
	000110
	7
	3
	01
	000110
	7
	-3

	00
	001000
	3
	5
	01
	001000
	3
	-5

	00
	001001
	3
	7
	01
	001001
	3
	-7

	00
	001100
	3
	3
	01
	001100
	3
	-3

	00
	010001
	5
	9
	01
	010001
	5
	-9

	00
	010011
	7
	9
	01
	010011
	7
	-9

	00
	011001
	3
	9
	01
	011001
	3
	-9

	00
	100010
	9
	5
	01
	100010
	9
	-5

	00
	100011
	9
	7
	01
	100011
	9
	-7

	00
	100110
	9
	3
	01
	100110
	9
	-3

	00
	110011
	9
	9
	01
	110011
	9
	-9

	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q
	b0(0),b0(1)
	b1(0),b1(1),…, b1(m)
	I
	Q

	10
	000000
	-5
	5
	11
	000000
	-5
	-5

	10
	000001
	-5
	7
	11
	000001
	-5
	-7

	10
	000010
	-7
	5
	11
	000010
	-7
	-5

	10
	000011
	-7
	7
	11
	000011
	-7
	-7

	10
	000100
	-5
	3
	11
	000100
	-5
	-3

	10
	000110
	-7
	3
	11
	000110
	-7
	-3

	10
	001000
	-3
	5
	11
	001000
	-3
	-5

	10
	001001
	-3
	7
	11
	001001
	-3
	-7

	10
	001100
	-3
	3
	11
	001100
	-3
	-3

	10
	010001
	-5
	9
	11
	010001
	-5
	-9

	10
	010011
	-7
	9
	11
	010011
	-7
	-9

	10
	011001
	-3
	9
	11
	011001
	-3
	-9

	10
	100010
	-9
	5
	11
	100010
	-9
	-5

	10
	100011
	-9
	7
	11
	100011
	-9
	-7

	10
	100110
	-9
	3
	11
	100110
	-9
	-3

	10
	110011
	-9
	9
	11
	110011
	-9
	-9



For QPSK + QPSK (2 power ratios), QPSK+16QAM (2 power ratios), QPSK+64 QAM (1 power ratios), totally 68 lines table would be needed for Alt. c-2. And it will be much more complex if 4 power ratios were selected for each constellation combination. 
