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Introduction
At the RAN#67 meeting, a new SI “Study on Downlink Multiuser Superposition Transmission for LTE” was approved and the following objectives were captured in the SID [1].
	This study will consider potential enhancements for downlink multiuser transmission using superposition coding.
In particular, the objectives of the study item are the following:
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
· The study should consider realistic deployment scenarios, traffic models and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.
· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.



In this contribution, we share our views on transmission schemes on the downlink multiuser superposition transmission (MUST).
Superposition coding schemes
For MUST, some transmission schemes can be considered as mentioned in [2]. In this section, we explain two superposition coding schemes from the constellation point of view.
Simple superposition coding
Figure 1 (a) shows an example of constellation of a superposed modulation symbol in Simple superposition coding. In this figure, UE#1’s symbols are generated by Gray-labelled 16QAM mapping rule and UE#2’s symbols are generated by the Gray-labelled QPSK mapping rule specified in the current RAN1 specification, i.e. TS36.211. Since this scheme just superposes these modulated symbols, the most significant 2 bits stand for the bit sequence of QPSK and the least significant 4 bits stand for the bit sequence of 16QAM.
The most important advantage is that simple superposition coding can be realized with minimum RAN1 specification impact. However, at a receiver UE side, since the received symbol doesn’t follow the Gray mapping rule, at least an interference cancellation/suppression scheme such as SLIC/CWIC/MLD, or additional implementation to demodulate non-Gray-labelled symbol is needed.
Gray-labelled superposition coding
As another candidate, Gray-labelled superposition coding, which keeps superposed symbols Gray-labelled as shown in Figure 1 (b), can be also considered. The resulting symbols created using the simple superposition coding break the Gray mapping rule, although the component symbols of each UE keep it. However, Gray-labelled superposition coding makes the combined symbols satisfy the Gray mapping rule as well. As a result, symbols for the 16QAM UE that are adjacent to each other but in the different quadrants consist of the same bit sequence.
Generally, a modulation scheme using Gray-labeling yields better transmission performance than non-Gray-labeling unless enhanced demodulation schemes, e.g., iterative demodulation, are applied. The Gray-labelled superposition coding should be one of the candidates for the downlink multiuser superposition transmission.
Proposal 1
· Simple superposition coding and Gray-labelled superposition coding should be studied as superposition schemes.
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(a)  Simple superposition coding		(b)  Gray-labelled superposition coding
Figure 1. constellation of superposed symbols (UE#1 in black, UE#2 in red)

Transmit power ratio for superposition coding
As another parameter for superposition coding, we should consider the transmit power ratio for each signal to be superposed. Figure 2 shows the example of the constellation where QPSK and 16QAM are superposed. In MUST, it is also important how to configure the power ratio of P1 and P2, since it may affect the opportunity of MUST. Therefore, we discuss the transmit power ratio schemes.
Uniform constellation
When P1 is set to 0.238 (P2 = 0.762), the constellation become the same as uniform 64QAM [3]. In this case, the computational complexity may become low. However, the uniform constellation is optimum for not one-to-many but one-to-one communication. Therefore, the uniform constellation is not optimum for MUST in most cases. Consequently, the throughput gain will not be maximized if the constellation for MUST is limited to the uniform constellation. The parameters such as power ratio should be determined to maximize the cell throughput taking into account MUST.
Non-uniform constellation
To maximize the MUST gain, non-uniform constellation were proposed in the RAN1#80bis meeting [4]-[6]. Moreover, in order to exploit the pathloss difference between UEs, the optimum power ratio should be selected according to the pathloss difference [7]. If the power ratio is fixed, only the UEs having suitable pathloss difference can participate MUST by chance. On the other hand, if the power ratio can be selected based on the pathloss difference, higher throughput can be obtained than fixed power ratio since plentiful UEs can join MUST. Consequently, the power ratio should be flexibly selected considering the pathloss difference. 
Proposal 2:
· Flexible power ratio of each UE’s signal should be studied.
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Figure 2. An example of the constellation of superposed symbol generated by QPSK + 16QAM

Conclusion
In this contribution, we propose the following:
Proposal 1:
· Simple superposition coding and Gray-labelled superposition coding should be studied as superposition schemes.
Proposal 2:
· Flexible power ratio of each UE’s signal should be studied.
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