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1. Introduction
In this contribution, we discuss multiuser superposition schemes carried out at symbol level, and we present preliminary link level simulation results in two ways.
2. Multiuser Superposition Schemes
Two kinds of multiuser superposition transmission schemes are described as following. Fig. 1 shows that bits data for different UEs are coded, modulated and superposed with different transmission power settings [1].
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Figure 1 Direct superposition of modulated signals
Fig. 2 shows the enhanced MUST scheme [2]. Because the coded bits of UE1 would XOR the coded bits of the UE2 before modulation, the scheme obtains combined constellation symbols with Gray labeled.
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Figure 2 Combined superposition symbol with Gray labeled by XOR operation before modulation
Alternatively, Gray mapping can be accomplished in a slightly different fashion as illustrated in Fig. 3, with exactly the same effect. The amplitude-weighted symbols of UE1 are modified by horizontally or vertically flipping in accordance to the amplitude-weighted symbols of UE2 [2].
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Figure 3 Combined superposition symbol with Gray labeled by flipping after modulation
In theory, the capacity bound can be achieved via code-word level SIC in receiver. However, relatively high delay, energy consumption, and implementation complexity are huge challenges for UE receiver. In this sense, symbol level SIC may be more practical. In [2-3], it is shown that when ML receiver or symbol level SIC is used, the gray labeled superposition scheme can enhance the decoding performance compared to superposition scheme without gray labeled.
3. Link level simulation
Link level simulation results are shown in Fig. 4 with a set of points meaning maximum rate pairs obtained by different combinations of power allocation and MCSs. Detailed simulation assumptions can be found in the Appendix.
It is observed that blue dots are higher than red dots, given the same rate of UE 2. It means that the enhanced MUST scheme (superimposed signal with Gray labeled) in general can provide capacity benefit over direct superposition (without Gray labeled) when symbol-level SIC is used. Also notice that blue dots are very close to gray squares, indicating that the performance of Gray-mapped MUST with symbol-level SIC can approach the performance of codeword SIC receiver.
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Figure 4 Rate pairs (in bits/s/Hz) achieved by Code-Word SIC (of direct superposition), Enhanced MUST, Symbol-level SIC (of direct superposition). SNR of UE1 is 20dB, SNR of UE2 is 0dB
Fig. 5 shows the throughput vs. SINR curves. Similar to Fig. 4, it is observed that for SINR > -2 dB, Gray-mapping with symbol-SIC receiver can get very close performance to direct superposition with codeword-level SIC.
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Figure 5 Best MCS schemes suggested by UEs with Code-Word SIC (of direct superposition), Enhanced MUST, Symbol-level SIC (of direct superposition) , Power allocation(far-away UE : near UE) is 0.8:0.2
4. Conclusions

Preliminary link level simulation result is shown, with the following observation:

Observation: Gray-mapped symbol level superposition + symbol-level SIC receiver has similar link performance as non-Gray-mapped symbol level superposition + code-word level SIC receiver.
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Appendix
Table A1 Link-level simulation parameters.
	Parameter
	Unit
	Value

	Channel model
	-
	AWGN

	SNR
	dB
	0 (far-away UE), 20 (near UE)

	Channel coding
	-
	Turbo

	Code rate 
	
	1/120~ 119/120

	Interleaver length
	
	far-away UE: 400~800

	
	
	near UE: 1000~3000

	Turbo decoding iterations
	
	10

	Data modulation
	-
	far-away UE: QPSK, 16QAM, 64QAM

	
	
	near UE: QPSK

	Power allocation(far-away UE : near UE)
	-
	0.7 : 0.3, 0.75:0.25
0.8 : 0.2, 0.85:0.15
0.9 : 0.1



































