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1 Introduction 
During RAN#67, the new study item (SI): ‘‘Study on Downlink Multiuser Superposition Transmission for LTE’’ is approved. The objective of the SI is to study potential enhancements for DL multiuser transmission using superposition coding. For multiuser transmission, the conventional approach is to separate each user by time, frequency, or code division multiplexing. In contrast, the concept of superposition coding is to deliberately transmit multiuser signals through non-orthogonal channels. Thus the multiuser system capacity is further improved. Specifically, the SI has the following objectives [1]:
· 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.
In this contribution, we discuss the target deployment scenarios for superposition transmission and the possible joint operations with the techniques in EBF/FD-MIMO SI.
2 Discussions
Non-orthogonal multiple access (NOMA) is one of the superposition transmission techniques, which utilizes the power domain for user multiplexing. Specifically, NOMA exploits the large path loss differences between ‘near’ and ‘far’ users. The eNB superimposes ‘near’ and ‘far’ user packets using the same time, frequency, and spatial layers, but with different transmit powers. Since the ‘far’ user (farther to the eNB) has a weaker link to eNB, the eNB allocates larger power to the ‘far’ user.  Therefore the ‘far’ user can decode its packet even in the presence of the ‘near’ user’s packet. On the other hand, the ‘near’ user has a stronger link to eNB. It first replicates the above step to regenerate ‘far’ user’s signal, and then cancels the ‘far’ user’s signal from received signal. Thereby, it can decode its own packet. In this way, NOMA can allow multiple users to share the same time and frequency resources without spatial layer separation by using adaptive multiuser transmit power allocation and Successive Interference Cancellation (SIC) receiver.
From the above discussions, we expect at least the following target deployment scenarios in which the DL superposition transmission techniques (e.g. NOMA) can be applied.
· Scenario 1: Multiple access for densely populated Macro cell
· Scenario 2: Multiple access for local area hotspot Small cell

· Scenario 3: Multiple access for moving nodes
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Figure 1 Illustration of target deployment scenarios for DL superposition transmission
Considering scenario 1 and 2, due to the high capacity demand of these scenarios, it is quite suitable to apply DL superposition transmission to improve cell capacity. Compared with the ongoing EBF/FD-MIMO SI, one of the advantages of DL superposition transmission is that it can serve multiple users without spatial domain separation. Therefore the eNB does not need to upgrade to costly 2D active antenna arrays. In addition, DL superposition transmission can be used in conjunction with the advanced EBF/FD-MIMO techniques to further enhance capacity. For example, we can form multiple transmission beams using EBF/FD-MIMO (orthogonal user multiplexing), and within each beam, we can apply superposition transmission to serve multiple users (non-orthogonal user multiplexing) as shown in Figure 2.
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Figure 2 Illustration of EBF/FD-MIMO and superposition transmission joint operation
For scenario 3, the motivation is that the current MU-MIMO scheme requires accurate instantaneous CSI feedback to reduce inter-user interference, which will degrade the performance gain of MU-MIMO. This is particularly challenging when the user is moving at high speed (e.g. in trains or cars). In comparison, the superposition transmission technique like NOMA does not require fine CSI feedback signaling from UE side.  The CSI is used at the eNB for user paring and multiuser transmit power allocation. According to the simulation results in [2], NOMA is quite robust in various user speeds. Thus the superposition transmission technique would be useful for MU-MIMO in high user mobility scenarios.
3 Conclusion

In this contribution, we have discussed the possible deployment scenarios for DL superposition transmission and the joint operation of EBF/FD-MIMO and superposition transmission. We have the following proposal.
Proposal 1: Evaluate the target deployment scenarios 1, 2, and 3 listed in this paper.
Proposal 2: Study the joint operation performance of EBF/FD-MIMO and superposition transmission in scenario 1 and 2.
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