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1 Introduction

In RAN#67 [1], the study item entitled “Downlink Multiuser Superposition Transmission for LTE” was approved with the following scope: 
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.
This contribution introduces our view for the downlink multiuser superposition transmission schemes.
2 Superposition Coding
Conventional multiuser MIMO makes two or more users to be able to share the same PRB resource by spatial separation to keep signal orthogonality. It is supported by the LTE standard that eNodeB provides different orthogonal precoding matrices to each users. However, the conventional MU-MIMO performance is limited by non-ideal CSI feedback.
In the new study item, a joint optimization of multiuser operation from both transmitter and receiver’s perspective can further improve multiuser system capacity even if the system uses non-orthogonal transmission/precoding, which is usually referred to as superposition coding [2] for Tx and advanced receiver for Rx. In our understanding, the main idea of the new SI, downlink multiuser superposition transmission for LTE, is that a communication system allows multiple users to share the same resource element without time, frequency and spatial layer separation by allocating different transmission power to each user. This means multiple users share the same precoding vector(s) to transmit data and these data will be overlapped spatially.
Superposition coding provide better performance enhancement when multiple users have larger channel gain difference. Assuming the same precoding matrix for multiple users inherently restricts that multiple users must have the same transmission layer. It is common that near user with high SNR recommends 2-layer transmission while the far user in the low SNR environment prefers 1-layer transmission to avoid large performance attenuation. Therefore, the partially overlapping precoding matrix should be considered.
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Figure 1. Partially overlapping precoding matrix case

Proposed#1: The partially overlapping precoding matrix should be considered.
The equation of overlapped signal with adaptive power allocation can be written as below:
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Assume that both users use QPSK, an explanatory joint constellation of the two users is illustrated in figure 2. The constellation has 16 points. However, unlike the traditional 16QAM, which has equal distance between neighboring constellation points, the joint constellation has unequal distance between constellation points and may be viewed as a new modulation type. EVM constraint check by RAN4 is required.
In the superposition coding, the performance of the far user in the low SNR environment may further decreases due to the inter-user interference introduced by the co-scheduled near user. Therefore, lower order modulations, e.g., BPSK, could be considered as one candidate modulation scheme in the SI to secure the BLER performance of the far user. Furthermore, some other modulations, for example, PAM could also be considered if the performance gain can be observed for this downlink multiuser superposition transmission for LTE study item.
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Figure 2. Joint constellation points example (
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Proposed#2: Besides the current QPSK/16QAM/64QAM/256QAM modulation, more modulation (for example, BPSK and/or PAM modulation) could be investigated in downlink multiuser superposition transmission for LTE.

3 Conclusion

In this contribution, we provided some suggestions for superposition transmission as below:
Proposed#1: The partially overlapping precoding matrix should be considered.

Proposed#2: Besides the current QPSK/16QAM/64QAM/256QAM modulation, more modulation (for example, BPSK and/or PAM modulation) could be investigated in downlink multiuser superposition transmission for LTE.
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