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1. Introduction
In RAN1#86, the following agreement was made.
· 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)

· Down-select one alternative till next meeting
In this contribution, we provide our view on the required specification changes for Gray mapped composite constellations of MUST. 
2. Discussion
According to the WID of MUST [1], “MUST Category 2 with multiple transmission power ratios” or “MUST Category 2 with single transmission power ratio & legacy constellation” for co-scheduled MUST users in each constellation combination is used for Case 1 and 2 of CRS-based transmission schemes. The definition of MUST Category 2 is given as follows,

· This category includes MUST scheme 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 RAN1#86, different alternatives for Gray-mapped composite constellation were discussed in [3]. We summarize the alternatives listed in [3] as follows:
Alternative 1: Bit-level Gray conversion
In [4] and [5], proposals of Bit-level Gray conversion are provided. In [4], an example of Bit-level converter to make MUST Category 2 is shown. To yield far UE’s modulation symbols, legacy LTE modulation mapping is used with unchanged coded bits which are the inputs of modulation mapping. But for near UE, its coded bits are adjusted according to far UE’s coded bits and a uniform equation before them is fed into modulation mapping. In [5], its Bit-level Gray converter is based on XNOR operation. The Gray converter rearranges the location of near UE’s modulation symbol by considering the far UE’s symbol location. After this symbol location rearrangement, the superposed modulation symbol is mapped to legacy LTE constellation which is Gray-mapped constellation.

Alternative 2: Symbol-level Gray conversion
In [6], approach of Symbol-level conversion is proposed to achieve composite constellation with Gray-mapped property. According to [6], both near- and far UEs get their own modulation symbols through legacy LTE modulation mapping without changing coded bits. Then, the modulation symbols of near UE are further adjusted based on the sign (positive or negative) of far UE’s modulation symbols. Finally, the modulation symbols of two UEs are superposed with adaptive power ratio. In this approach, the power ratio needs to be chosen carefully such that the Gray-mapped property of composite constellation can be kept.
We think it is not required to specify the Gary conversion behavior (e.g., Alternative 1 or Alternative 2) in specifications. Gary conversion can be thought of as an implementation issue of the transmitter side. A UE only needs to know its label bits when a constellation point in the composite constellation is detected. This can be achieved by having a modulation mapping table indicating the label bits of each constellation point (e.g., Table 7.1.4-1 in TS 36.211) for each power ratio and modulation order combination. On top of that, the two most significant bits (MSB) of the label bits are allocated to far UE, and remaining bits are assigned to near UE. An example of the table is given in Table 1 below. 
Table 1: Modulation mapping for near-user 16QAM and far-user QPSK when power ratio=0.7619
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Based on the discussion above, we have the following proposal.

Proposal: Adopt Alternative 3 (Up to implementation) for Gray-mapped composite constellation.
3. Conclusion
In this document, we provided our view on the required specification changes for Gray-mapped composite constellation in MUST. As discussed in Section 2, the alternatives (Bit-level or Symbol-level Gray conversion) of accomplishing MUST Category 2 is not required to be specified in specifications. The information for UEs to decode properly is the mapping between constellation point and label bits. This can be achieved by having a modulation mapping table indicating the label bits of each constellation point (e.g., Table 7.1.4-1 in TS 36.211) for each power ratio and modulation order combination. Thus, we had following proposal:
Proposal: Adopt Alternative 3 (Up to implementation) for Gray-mapped composite constellation.
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