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1. Introduction
In RAN#71 meeting, a new work item for downlink multiuser superposition transmission for LTE was approved in [1], and one of the objectives is to specify downlink multiuser superposition transmission scheme(s) for MUST category 2.  In [2], MUST category 2 is defined as follow: “This category includes MUST schemes with joint mapping of coded bits of two or more UEs to component constellation which are superposed with adaptive power ratio. The composite constellation has Gray mapping”. In this contribution, we discuss how to make Gray mapped composite constellation.
2. Discussions 
For Symbol-level superposition, each UE’s coded bits are mapped to its own constellation symbols, and then different powers are allocated to those two symbols and finally the symbols are superposed. This superposition scheme is simple, but it cannot generate Gray-mapped bit sequences between adjacent symbols on the composite constellation. A bit-level Gray converter can be considered for Gray mapping and Fig. 2 shows an comparison between Gray and non-Gray mapped superposition in case of “QPSK+QPSK”. As shown in this figure, if an additional operation for Gray mapping (e.g., Bit-level Gray converter in the figure) is not defined, the composite constellation cannot have Gray mapping. In this figure, the Bit-level Gray converter performs symbol location rearrangement on NUE’s constellation considering FUE’s symbol location, while a bit sequence of NUE’s symbol is maintained. For example, the Gray converter changes symbol location associated with “00” from 
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 on existing QPSK constellation in Fig.1. 
 [image: image3.emf]10 00

01 11

10 00

01 11

10 00

01 11

00

(Far UE’s 

encoded bits)

Bit-level 

Gray 

converter

11

1010 1000 0010 0000

0001 0011 1001 1011

1110 1100

0110 0100

0101 0111

1101 1111

1011 1001 0001 0011

0010 0000 1000 1010

1110 1100 0100 0110

0111 0101

1101 1111

a b

2a

2

2b2

2b2

00

(Near UE’s 

encoded bits)

Superposed constellation without Gray mapping

Superposed constellation with Gray mapping 

(MUST category 2)

QPSK constellation 

defined in a spec.

00

00

Precoding

Precoding

Precoding


Figure 1. Comparison between constellations with/without Gray mapping
Fig. 2 shows detailed operation of the bit-level Gray converter. In this figure, “M”, “N” denote modulation order of far UE (FUE) and near UE (NUE), respectively. (i.e., QPSK=2, 16QAM=4, and 64QAM=6) Regarding the XNOR operation, its output is 1 if the inputs are the same and 0 if the inputs are different. The Bit-level Gray converter proposed in this contribution use only XNOR operation, and it results in a same bit allocation of each modulated symbol on composite constellation with existing constellation defined in a specification. (E.g., if power allocation factor is equal to 0.2, a composite constellation of QPSK+QPSK is equal to the constellation of 16 QAM in a specification.) According to this scheme, if the modulation orders of FUE and NUE are 2 and 4 (i.e., M=2, N=4), output sequence of the bit-level Gray converter can be derived as follows;
c1 = XNOR(a1, b1)
c2 = XNOR(a2, b2)
c3 = b3, c4 = b4
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Figure 2. Bit-level Gray converter
According to the WID [1], Case 3 (Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different) can be supported in MUST. In our understanding, to support Case 3, the symbol-level superposition (i.e., precoded symbols of each UE are superposed and transmitted) should be used, as described in Figure 1. In [3], it is suggested that MUST paired users’ bits are multiplexed and then mapped to combined constellation, but it cannot support Case 3. For simple description, it is desirable that the unified procedure including Case 1,2 and 3 is captured in specification, and the procedure includes the bit-level gray converter as mentioned above for making gray mapped composite constellation.
3. Conclusion
This contribution discussed the method to make a composite constellation with Gray mapping. Based on the discussion, we propose to use the bit-level Gray converter based on XNOR operation for constructing Gray mapped composite constellation in MUST. In addition, the unified procedure which can be applied to all cases is needed, and it includes the bit-level gray converter for making gray mapped composite constellation.
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