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1 Introduction
In RAN#66, the study item [1] was approved and the work will start in RAN1#80bis, 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 separation (i.e. in the same beam 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 consider 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.

It was noted in the minutes that the scope could be discussed further in RAN1 [2]. In Sec. 2, we first give a short background on superposition coding solutions. Then, in Sec. 3, we elaborate on some assumptions needed for the study.
2 Superposition coding solutions

Non-orthogonal transmission to multiple UEs with different SNRs as shown in Figure 1, usually referred to as  Superposition Coding (SC), has been theoretically proven to achieve increased downlink data rates and throughputs with respect to OFDMA. However, theoretical proofs have limited value since they are based on ideal assumptions, like Gaussian signaling and coding with infinite block length. This is the reason why in [3] the performance of SC is evaluated by using link-level simulations and hardware test-bed.. Increased data rates for multiplexed users obtained in [3] are achieved by linearly combining the amplitude-weighted encoded and modulated messages intended for the multiplexed users before transmission.
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Figure 1. Principle of superposition coding. Dashed blocks in the near UE receiver are optional.

In systems employing SC (see Figure 1), the far receiver demodulates and decodes its message, treating the superposed near user message as interference. The near receiver can operate according to either of:

· Demodulate and decode the far UE message, regenerate the interference caused by the far UE message and cancel it from the received signal using Successive Interference Cancellation (SIC). After SIC, the near UE message is demodulated and decoded.
· Demodulate the received signal and perform decoding of the near UE message without employing SIC.
The rate gains obtainable via an SC approach are shown in Figure 2. RN (resp. RF) is the rate of the near (resp. far) UE; CN (resp. CF) is the maximum rate achievable by the near (resp. far) UE. OFDMA rates correspond to the dashed line. Rates achieved by SC correspond to the solid line.
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Figure 2. Achievable rate region of non-orthogonal transmission with respect to OFDMA.
OFDMA rate pairs correspond to the dashed line.
As shown in [4] through system-level simulations, SC with near-receiver SIC provides increased throughputs with respect to OFDMA. In a SIMO system with two receiver antennas, cell throughput gains of the order of 27% and cell-edge throughput gains of the order of 34% have been reported.

A number of SC schemes are available and should be studied, including:

1. Amplitude-weighted superposition of coded and modulated signals. 

2. Amplitude-weighted superposition of coded and modulated signals with Gray labeled superposed constellation. 

3. Codeword-level superposition using conventional Gray-labeled modulations.
When Gray-labeled constellations are employed, the demodulator performs a fairly good separation of the superposed signals. Using SIC may result in negligible improvements in this case. Solution 1 requires SIC because the employed modulation is not Gray-labeled. Solution 2 and solution 3 both use Gray-labeled modulations, therefore SIC is not required. As a result, the receiver is simplified. 

3 Assumptions for the study item 
The following items need to have clarified assumptions in order to expedite the study properly.

PHY layer channels

Superposition coding is primarily a means to achieve higher user data rates on the PDSCH and it is clear from the SID that DL control channels are not included.  The SC techniques should cover both TDD and FDD. 

Number of TX antennas
As listed in the motive for the SID, it is desirable to enhance performance for eNodeBs with small number of antennas. Hence, 2 TX and 4 TX antennas should be the main focus.
Transmission modes
The SID [1]states that the multiplexing is made “in the same beam over the same REs”, i.e., effectively utilizing the same precoder for near- and far UEs. The straightforward application scenario of SC is where all multiplexed users have rank-1 channels, because in that case spatial precoding becomes transparent and does not need to be taken into account in the receiver. CRS may be better suited than DMRS for this. Therefore, at least some of the CRS-based TMs should be evaluated.

Receivers
The SC receiver should perform detection of the near and far superposed signals and each receiver shall perform independent decoding of its transport block. An advanced receiver using codeword-level SIC at the near receiver shall be optionally studied.
For the comparison with Rel-12, the baseline receiver could be MMSE-IRC. 
Deployment scenarios 
It is suggested to evaluate one homogeneous scenario (e.g., NAICS scenario 1 [6]) and one heterogeneous scenario (e.g., SCE scenario 1 [7]). The requirement that the UE multiplexing is in the same beam implies that only co-located transmission points are considered for SC.
Baseline performance reference

SU-MIMO should be taken as baseline case for performance evaluation and MU-MIMO may additionally be evaluated.
4 Conclusion

 We propose to consider the assumptions given in Sec. 3 as a starting point for the study item:
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