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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 Discussion
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 the near UE is supposed to use successive interference cancellation (SIC) to separate the combined message. However, for supporting superposition coding scheme, we need to re-design transmission procedure. Therefore, we propose to use the enhanced scheme using legacy or high-order QAM mapping mechanism with minor re-design transmission procedure.
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Figure 1: Principle of superposition coding. [1]
The concept of joint-QAM superposition coding is superposed the far UE’s bit stream and near UE’s bit stream before modulation mapping procedure. Figure 2 is a 64 QAM modulation mapping table. After observing this table, we can found the bit stream can be divided into low data rate field (LDRF, red frame) and high data rate field (HDRF, blue frame). For example, the bit stream 010110 can be combined by 01 (low data rate filed) and 0110 (high data rate filed). The concept of LDRF and HDRF is illustrated in Figure 3.  The LDRF can be considered as the QPSK modulation, as shown in Figure 3(a). And the HDRF can be considered as the 16QAM modulation, as shown in Figure 3(b). If we joint LDRF and HDRF, we will have a 64 QAM modulation, as shown in Figure 3(c). Therefore, we observe that:
Observation: the legacy QAM mapping bit stream could be divided into LDRF (Low Data Rate Field) and HDRF (High Data Rate Field) for superposition coding usage.
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Figure 2: 64 QAM mapping table; the red frame shows low data rate field; the blue frame shows high data rate field.
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Figure 3: (a) QPSK modulation; (b) 16 QAM modulation; (c) Joint 64 QAM modulation
According the above observation, we have a possible combined procedure for superposition coding. After eNB choose one near-far UE pair, the joint QAM modulation scheme is illustrated in Figure 4. The LDRF (Low Data Rate Field) contains bit stream bf(i) for far UE, and HDRF (High Data Rate Field) contains bit stream bn(i) for near UE. After the combine procedure, the combined bit stream will be modulated as legacy mapping procedure. Therefore, the near UE can demodulate the 64 QAM modulated signal and separate the HDRF because the high SNR channel environment and the far UE can demodulated target signal by discriminate the received signal in which quadrant. 
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Figure 4: The combined Modulation Procedure

Because the joint 64QAM is SNR-sensitive, the performance of far UE is worse than legacy QPSK scenario. As shown in Figure 5, we joint two messages without changing the power-scaling ratio of them, it would be suffer noise. For example, Figure 5(a) is legacy-QPSK-mapped constellation, and Figure 5(b) shows if legacy-QPSK-mapped constellation with noise. Figure 5(c) and Figure 5(d) are constellation of joint-64 QAM and joint-64 QAM with noise respectively (Suppose the target far UE signal is modulated via QPSK). In this case, the symbol in Figure 5(b) can be demodulated correctly, but the symbol in Figure 5(d) cannot be demodulated correctly. Figure 6 shows the performance result between legacy QPSK and joint 64 QAM scheme (Far UE: QPSK + Near UE: 16QAM), the SNR of Far UE compared with legacy QPSK has 10 dB loss at BER 10-3.

Observation: the SNR of Far UE compared with legacy QPSK has more than 10 dB loss.
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Figure 5: (a) legacy-QPSK-mapped constellation; (b) legacy-QPSK-mapped constellation with noise; (c) constellation of joint-64 QAM; (d) constellation of joint-64 QAM
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Figure 6: The combined Modulation Simulation of Far UE
3 Conclusion
In this contribution, we have following possible observation by using joint-QAM mapping:
Observation 1: The legacy QAM mapping bit stream could be divided into LDRF (Low Data Rate Field) and HDRF (High Data Rate Field) for superposition coding usage.

Observation 2: The SNR of Far UE compared with legacy QPSK has dramatic performance loss.
Based on bellow observations, we have following proposals: 
Proposal 1: joint-QAM superposition coding should be a candidate scheme in MUST.
Proposal 2: the enhancement scheme to reduce the performance loss should be studied.
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