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1 Introduction

In RAN1#86, the following agreement was made [1]:

Agreement:

· 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)

In this contribution, we discuss the issue on how to specify Gray conversion for MUST Case 1&2.   
2 Discussion
It is emphasized that one of key aspects for MUST Case 1&2 is the Gray-mapped composite constellation, which needs to be specified in TS36.211. According to the agreement in the last RAN1 meeting, three alternatives for specifying the Gray-mapped composite constellations need to be down-selected.
Alt 1: Bit-level Gray conversion

For bit-level Gray conversion, the bit conversion operation needs to be added before modulation. Three different process need to be specified for modulation schemes i.e., QPSK, 16QAM and 64QAM respectively. In addition, for a MUST-near UE, because it is not all its spatial layers transmitted in MUST operation, only the scrambled bits transmitted on the MUST layer need to be converted. It is difficult to determine which bits need to be converted in the specification. 
Alt 2: Symbol-level Gray conversion

For symbol-level Gray conversion, one common symbol conversion process can be effectively applied for all the three modulation schemes. It is noted that the symbol conversion can be performed after layer mapping, thus if a certain layer is a MUST layer, the symbol conversion would be implemented for symbols across the entire layer. 
An example of symbol-level Gray conversion is illustrated in Table 1. The symbol conversion consists of two steps: the first step is to determine whether the value of real (imaginary) part is positive or negative, which can be implemented by judging the sign bit of the quantized value of real (imaginary) part; the second step is to perform sign change of I1(i)/Q1(i) which can be implemented by using bit addition operation. It is mentioned that the computational complexity of bit judgment and bit addition operations would not be higher than that of bit XNOR operation. Therefore, the implementation of symbol-level conversion is simpler than bit-level conversion. 
Table 1. An example of symbol conversion
	Values of I and Q for modulation module output

	MUST-near UE before conversion
	MUST-far UE
	MUST-near UE after conversion
	Conversion 

	I1(i)
	I2(i)
	I3(i)
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	Q1(i)
	Q2(i)
	Q3(i)
	
[image: image2.wmf](

)

(

)

(

)

(

)

(

)

î

í

ì

<

>

-

=

0

,

0

,

2

1

2

1

3

i

Q

if

i

Q

i

Q

if

i

Q

i

Q




Alt 3: Up to implementation

When the composite-constellation is specified, legacy modulation mappers in TS 36.211 need to be modified by taking different power ratios between two paired UEs into account. In this case, for each constellation combination with a certain power ratio, an independent modulation mapper needs to be specified, which would result in larger specification impact. Similar to Alt 1, only the bits transmitted on MUST layer would be modulated using the modified mapper for MUST operation, which is also difficult to determine in the specification. 

In the appendix, the text proposal for Alt 1 and Alt 2 are provided. It is observed that Alt 2 has less specification modification than Alt 1. For Alt 1, it is difficult to determine which bits need to be converted in specification.
Based on the above discussion, from both implementation complexity and specification impact perspective, there is the following proposal.

Proposal: Specify the symbol-level Gray conversion for MUST Case 1&2. 
3 Conclusions
In this contribution, the issue on how to specify Gray conversion for MUST Case 1&2 is discussed. The following proposal is given.
Proposal: Specify the symbol-level Gray conversion for MUST Case 1&2.
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Appendix
	For Alt.2, possible spec modification in 36.211 for symbol-level Gray conversion
6.3.3.4
Symbol conversion
For a layer 
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that in MUST mode, the modulation symbol mapped on 
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Table 6.3.3.4-1: Layer conversion
Layer conversion
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where 
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	For Alt.1, possible spec modification in 36.211 for bit-level Gray conversion 
6.3.1
Scrambling

< Unchanged parts are omitted >
For each codeword 
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, the block of scrambled bits 
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 shall be converted as described in clause 7.3 prior to modulation, resulting in a block of converted bits 
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7.3 Bit convertor

The bit convertor takes binary digits, 0 or 1, as input and produces converted binary digits.

In case of QPSK modulation, pairs of bits, 
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In case of 16QAM modulation, quadruplets of bits, 
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where 
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In case of 64QAM modulation, hextuplets of bits,
[image: image24.wmf])

5

(

),

4

(

),

3

(

),

2

(

),

1

(

),

(

+

+

+

+

+

i

b

i

b

i

b

i

b

i

b

i

b

, are converted to hextuplets of converted bits, 
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< Unchanged parts are omitted >

Note: 
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 denotes bit exclusive NOR operation.
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