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1. Introduction

Although the concept of downlink superposition transmission is not crystal clear, its motivation is more or less understood, for example by allowing multiple users to share the same resource elements without spatial separation.  The objectives of the study [1] are given as follow: 
· 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 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. 
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Figure 1 Superposition Transmission
2. Discussion of Deployment Scenarios
From the information theory point of view, the gain of superposition transmission scheme, e.g. [2], comes from the trade-off between higher frequency reuse (>1) at the power domain and the performance degradation at each UE due to reduced power and the interference from the other UE.  If victim UEs can cancel the interference perfectly, then two users with equal power splitting can achieve network capacity of 2log(1+P/2N) which is greater than the capacity of a TDM/FDM based reuse 1 system like log(1+P/N). The concept can be similar with MIMO to increase the number of subchannels which are not interfering each other.  Therefore the key assumption to make this concept work is to ensure that the victim UE can cancel the interference sufficiently and there is also a high UE pairing possibility following the principle of superposition transmission in simulation scenario. 

Several 3D scenarios defined in the SI of 3D MIMO can be reused here. The objectives of 3D MIMO SI focus on how to efficiently utilize a 2D antenna array to exploit and maximize 3D beamforming gain. But a 1D antenna array may be the main target for the SI of downlink superposition transmission. Since upgrading a 1D antenna array to 2D antenna array is an expensive and time-consuming implementation, conventional 2/4/8Tx antenna array will be dominant for network deployment for a near or medium term.  Those conventional 1D antenna arrays may suffer from limited vertical and horizontal separation, for example a UE from floor 8 with a bad coverage may be considered as the interferer and a UE from floor 1 with a good coverage may be considered as the victim. However both UE may share the same horizontal precoding matrix/vector due to physically positioning in the same building. 
Moreover 3D UMa/UMi scenarios are also considered very relevant and realistic urban deployment scenarios whose spectral efficiency needs to be continuously improved by 3GPP. The superposition transmission schemes may be a solution that operators and vendors can implement if the gain is sufficient enough. 

Proposal 1: Starting from scenarios defined in 3D MIMO SI, 3D UMa (with different ISD), 3D UMi, and 3D Hetnet (with different density of small cell) shall be considered. The 3D UE distribution can follow 36.873.
Proposal 2: The macro and small cells shall use one dimensional cross-polarized antenna array. 
The study may prioritize 2Tx and 4Tx which could have a higher chance of superposition UE pairing compared to the case of 8Tx due to the constraint that paired UEs shall use the same precoding vector at one transmission layer within the same resource block. Consequently UE pairing is determined per transmission layer for superposition transmission. However, whether paired UE will use the same precoding vector is an eNB scheduling decision after taking into account multiple feedback information and implementation constraints. So there may have a certain trade-off between MU-MIMO gain and superposition gain for 8Tx which needs to be thoroughly studied before completely ruling out the case of 8Tx. 
Proposal 3:  All 2/4/8Tx cases should be considered and evaluated to understand the trade-off between MU-MIMO and superposition transmission. 
We also assume that both cases of indoor user dominant and outdoor user dominant may be interesting.  Generally speaking, an interfering UE with a bad channel condition could be located indoor or outdoor. Moreover, both cases are also relevant UE distribution depending on where majority of traffic comes from. Improving spectral efficiency is always beneficial for the network operation since the network can deliver data packages faster. Hence resource utilization and interference level can be reduced. 
Proposal 4: The scenarios with indoor user dominant and outdoor user dominant shall be considered. 

Studying different traffic loadings with bursty traffic is important. It is well known that MU-MIMO cannot provide an attractive gain for light or medium traffic loading where the possibility of successful MU pairing/spatial separation is not so great. Then for light/medium loading conditions, there may be some rooms of spectral efficiency improvement by using superposition transmission with a higher frequency reuse instead of normal FDM/TDM. For a high traffic loading, it is also critical to understand how to efficiently support MU-MIMO and superposition transmission joint scheduling and smart trade-off. The impact for eNB and UE at high loading should be studied.   
Proposal 5: The bursty traffic like FTP 1 shall be used for simulation with light, medium and high network loading. 
For simplicity of simulation work, all indoor and outdoor UEs can be assumed to be pedestrian UE. 

Proposal 6: All indoor and outdoor UEs are assumed to be pedestrian UE. 

3. Conclusions

In this contribution we have discussed deployment scenarios for downlink superposition transmission which may be beneficial and also relevant to operators’ interests. Therefore we have following proposals: 

· Proposal 1: Starting from scenarios defined in 3D MIMO SI, 3D UMa (with different ISD), 3D UMi, and 3D Hetnet (with different density of small cell) shall be considered. The 3D UE distribution can follow 36.873.
· Proposal 2: The macro and small cells shall use one dimensional cross-polarized antenna array. 

· Proposal 3:  All 2/4/8Tx cases should be considered and evaluated to understand the trade-off between MU-MIMO and superposition transmission. 

· Proposal 4: The scenarios with indoor user dominant and outdoor user dominant shall be considered. 

· Proposal 5: The burst traffic like FTP 1 shall be used for simulation with light, medium and high network loading. 

· Proposal 6: All indoor and outdoor UEs are assumed to be pedestrian UE. 
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