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Introduction
The downlink multiuser superposition transmission (MUST) study item was formally approved in RAN#67 (c.f. [1]). A few candidate superposition schemes have been discussed in the previous meetings, where simulation assumption were agreed and captured in the draft TR. Initial system-level simulation results are presented in a companion contribution (c.f. [3]) which demonstrates the performance gain of downlink superposition transmission under different antenna configurations and scheduling setups. This contribution briefly summarizes the candidate superposition schemes. 
Discussion
Summary of Schemes
A list of superposition schemes proposed in the previous meetings is summarized below. It is noted that this list is not exhaustive and does not preclude other possible schemes

2.1.1.	Power domain superposition



The simplest superposition multiplexing is in the power domain, where data symbols of different users are independently modulated and superposed after power scaling. For instance, the eNB may co-schedule two UEs with different transmit power, designated as UE 1 and UE 2. UE 1 is farther from the eNB and UE 2 is nearer to the eNB. Without loss of generality, it is assumed that a single layer is scheduled to each superposed user with power allocation , where  is the total transmit power, and  is the power allocated to the far UE. The received signal is therefore given as 


where ,  are the effective propagation channel (including both large-scale and small-scale fading),  are the unit-power modulated symbols of user 1 and 2, and are inter-cell interference plus noise. 
Denote  as the composite modulated symbol vector,  as the power allocation vector, the receive signal can be denoted as 


For demodulation:
· The far UE demodulates its own signal , subject to interference from superposed . Since the power of  is small, it probably does not benefit the far UE to suppress cancel/suppress interference from the near UE. Hence, the far UE could simply reuse MMSE-IRC receiver to decode its own signal. 
· The near UE may choose to suppress/cancel interference from the far UE’s signal , if  is strong enough so that it can be successfully decoded at the near UE. This procedure assumes that the near UE is capable of interference cancellation and can successfully make the decision of cancelling or not cancelling the interference. Alternatively, if the far UE has R-ML receiver, it may proceed to jointly decode the superposed constellation  , after which the information bits of the near UE is extracted.

The superposed constellation  depends on the bit-to-symbol mapping for each individual QAM symbol (x1 and x2) and the power allocation factor . Two different mapping alternatives are possible:
· Non-Gray mapping
Each data symbol x1 and x2 are independently modulated. In this case the superposed symbol  no longer satisfy Gray mapping.
· Gray mapping
Bit-to-symbol mapping for two UEs are jointly conducted so that the superposed constellation  preserve Gray-mapping property. This is likely beneficial for R-ML receiver, however the benefit for SIC receiver remains to be studied. Additionally, because different UEs are assigned with different powers, the superposed constellation is no longer uniform in the sense that the minimum Euclidean distance of a constellation point to its closed constellation point is different for different constellation points. 


2.1.2.	Rate domain superposition

This is analogous to power domain superposition, except that the number of information bits allocated to each symbol can be different, possibly on different time/resource grids on which the modulated symbols are mapped.  

Discussion
LTE supports a wide range of transmission schemes (e.g., transmit diversity, spatial multiplexing, SU-MIMO, MU-MIMO) tailored to different UEs of different capabilities and operating in different conditions (e.g. speed, geometry points). Harmonizing these transmission schemes and ensuring reliable/robust system operation ultimately fall on the shoulder of eNB, especially a flexible, scalable and intelligent eNB scheduler design. Such a principle has been recognized in the previous LTE system, e.g. dynamic switching between SU-MIMO and MU-MIMO, and between CoMP and non-CoMP schemes.
We believe flexible and scalable eNB scheduling is important to future LTE operation, particular in light of the explosion of connective devices and variety of service types. The study on superposition should strive to not artificially limit the eNB scheduling flexibility, which is vital for coping with dynamically changing network traffic and different UE capabilities. Similarly, it is preferred that DL superposition design should continue to allow flexible eNB scheduling switching between various transmission methodologies. 

Conclusions
In this contribution we discussed several candidate downlink superposition schemes. It is preferred that DL superposition transmission minimizes any scheduling restriction on the eNB (if any), and allows flexible eNB scheduling to cope with dynamically changing network conditions.
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