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1 Introduction

In RAN#66, the Multiuser Transmission and Network Assisted Interference Cancellation scheme [1] was firstly proposed. After RAN#67 discussion, the study item was re-named to Study on Downlink Multiuser Superposition Transmission for LTE [2] for more properly scope as following:
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 model 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.
The following sections will introduce the concepts of our superposition coding scheme and suggested our proposal from the observations.
2 Superposition coding scheme
Currently, OFDMA is widely adopted as the key multiple access technique in almost all 3.9G/4G systems such as LTE and LTE-A. However, in a theoretical point of view, OFDMA can still not achieve the optimal capacity region and considerable gap still exists to provide the most ideal spectrum efficiency under certain multiple access requirement, for example, satisfying the basic target rates of each scheduled UEs.  

Superposition coding which transmits the superposition of the modulated coded data of more than one UEs in a given set of RBs [3][4] and decodes with Successive Interference Cancellation (SIC) algorithm is known to achieve the optimal capacity region and is regarded as a potential solution to further improve the achievable spectrum efficiency of current OFDMA scheme. As illustrated in Figure 1, in a superposition coding scheme, the transmitter combines high data rate massage (M1 for near UE) and low data rate massage (M2 for far UE) and transmits the combined massage to near UE and far UE at the same time. And near UE are supposed to use SIC to separate the combined message. For supporting superposition coding scheme, we propose to use SIC and the enhanced scheme with legacy QAM mapping mechanism without re-designing UEs.
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Figure 1: Principle of superposition coding. [1]
The concept of our superposition coding scheme is illustrated in Figure 2. Far UE had been designated lower data-rate MCS considered as the QPSK modulation, as shown in Figure 2(a). And near UE had been designated high data-rate MCS considered as the 16QAM modulation, as shown in Figure 2(b). If we combine two data-rate MCS, we will have an equivalent joint-QAM modulation, as shown in Figure 2(c).
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Figure 2: (a) QPSK modulation; (b) 16 QAM modulation; (c) Joint-QAM modulation
However, if we just joint two messages without changing the power-scaling ratio of them, it would be suffer performance loss in some situations. As shown in Figure 3, Figure 3(a) is a point of QPSK, Figure 3(c) is a point of 16 QAM, Figure 3(b) is a point of QPSK with noise, and Figure 3(d) is a point of 16 QAM with noise the same as Figure(c). In this situation, the point of Figure 3(b) can be demodulated correctly, but the point of Figure 3(d) cannot be demodulated correctly.
Observation: the superposition scheme without considering the power-scaling tuning might lead to the high BER or SNR loss.
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Figure 3: (a) is a point of QPSK; (b) is a point of QPSK with noise; (c) is a point of 16 QAM; (d) is a point of 16 QAM with noise
According the above observation, we have a possible combined procedure for superposition coding. After eNB choose one near-far UE pair, the power-scaling modulation scheme is illustrated in Figure 4. The low data-rate MCS for far UE and high data-rate MCS for near UE will be multiplied power-scaling and superposed the messages together.
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Figure 4: The Combined Modulation Procedure
The power-scaling value might be determined from the feedback CQI and eNB takes the decision to assign the particular MCS for better demodulation performance. The near UE can use SIC to diminish the far UEs’ messages from the combined signal and the far UE can demodulated target signal directly by low data-rate MCS in which quadrant (as shown in Figure 5 and Figure 6).
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Figure 5: Near UE Demodulation Procedure
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Figure 6: Far UE Demodulation Procedure
However, far UE demodulated target signal by low data-rate MCS would suffer the problem. The signal which is near by the boundary of four quadrant would be located in the wrong constellation. These error demodulated signal will be regarded as noise and contribute the error. Therefore, we adopt the power scaling Pn and Pf to improve the performance. As shown in Figure 7, the performance will be affected by the different power scaling value.
Observation: tune the appropriate power-scaling value or add the power offset might improve the far UEs’ performance with lower BER under the same SNR.
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Figure 7: the simulation results of power-scaling procedure
3 Conclusion
In this contribution, we have following possible enhanced scheme using legacy QAM mapping with SIC component.
Observation 1: the superposition scheme without considering the power-scaling tuning might lead to the high BER or SNR loss.
Observation 2: tune the appropriate power-scaling value or add the power offset might improve the low data-rate MCS UEs’ performance with lower BER under the same SNR.
According to the observations mentioned above, we propose the following idea:
Proposal: the power-scaling value might be considered for reducing the low data-rate MCS UEs’ performance decay.
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