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1. Introduction

In RAN1#81, the WF [1] for link level simulation was agreed, and it includes link level simulation assumptions and recommends companies to submit throughput curves. In addition, regarding MUST schemes, following agreement was captured in RAN1#82 meeting.
Agreement:

· Multiuser superposition transmission schemes can be categorized as follows

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· R1-153044 (MediaTek), R1-153798 (Huawei), R1-153985 (Intel), R1-154282 (LGE), R1-154535 (NTT DoCoMo), R1-154701 (Xinwei)

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· R1-153798 (Huawei), R1-154055 (ZTE), R1-154184 (Samsung), R1-154282 (LGE), R1-154454 (MediaTek), R1-154535 (NTT DoCoMo)

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation

· R1-153798 (Huawei), R1-153891 (Qualcomm), R1-154656 (Nokia)
In [2], we provided some link level simulation results which include comparison between Gray and non-Gray mapping. According to the results in [2], the performance of the Gray mapping is better than the non-Gray mapping when the ML receiver is used for receiving MUST signal, and the Gray mapping has more gain when the power ratio increases up to certain value. In this contribution, we provide simulation results for comparing performance of receiver types (which are ML and (Real-/Ideal-) CWIC) when near and far UE are paired with the multiuser superposition scheme with Gray mapping. 
2. Discussion
Two types of advanced receivers to cancel/suppress far UE’s signal can be considered for MUST;

· Maximum Likelihood (ML) receiver 

· Codeword-level Interference Cancellation (CWIC) receiver

The ML receiver conducts joint detection of desired signals and interference signals in accordance to the ML criterion. Since the ML receives do not decode the far UE signals, it doesn’t need information for decoding (e.g. C-RNTI etc.) of far UE signals as a result saving signaling overhead. Details of signaling contents needed for each receiver type are explained in [3]. On the other hand, the CWIC receiver utilizes successive applications of detection, decoding, re-encoding, and cancellation. Therefore, implementation complexity of CWIC is higher than (R-)ML, and it needs more information to cancel far UE’s signal than the ML receiver. 
In this section, we provide some simulation results for comparing performance between ML and (Real-/Ideal-) CWIC receiver. Following simulation results are about the near UE’s performance and “power ratio” means ratio of near UE’s signal power to total transmit power. Based on our system level simulation results [6], power ratio 0.1 and 0.3 are in a reasonable range so we evaluate link performance with these values. The legend (e.g., Q(11)-Q(4)) can be interpreted as the modulation order of the near UE(MCS level of the near UE)-modulation order of the far UE(MCS level of the far UE). Regarding the MCS level, the index 7,11 and 18 is equivalent to about 0.52,0.37 and 0.44 of coding rate, respectively. The ideal CWIC means that the near UE always perfectly decodes far UE’s signal but there could be residual MUST interference due to channel estimation error since realistic channel estimation is applied in the simulation, and it can be regarded as the performance upper bound of the MUST scheme. Detailed simulation parameters are in the Appendix. 
Figure 1 compares performance between ML and (Real-/Ideal-) CWIC receivers. In this simulation, the Gray mapping is assumed. If the non-Gray mapping is used, the performance gap between CWIC and ML is increased, especially in high power ratio case. [2] As shown in this figure, Ideal-CWIC and Realistic-CWIC have a same performance in a given simulation environment, because the power of FUE signal is strong enough and the modulation order is low enough (i.e., QPSK). Regarding the receiver type, two receiver types (i.e. ML/CWIC) has a similar decoding performance at the evaluated power ratios; the ML receiver’s performance tends to be on the order of 0.3~0.4dB worse than CWIC receiver at 70% of the peak throughput when the power ratio is 0.3. Considering this simulation result and the complexity of CWIC, ML receiver seems to be a good candidate for MUST.
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Figure 1. Performance comparison between ML and Real-/Ideal-CWIC receivers (Rank 1(NU)+1(FU))
· Observation: With low MCS of FUE and low power ratio; 
· the performance gap between Ideal- and Real-CWIC is negligible.
· the performance gap between ML and CWIC is small.  And ML receiver seems to be a good candidate for MUST.
In this contribution, we evaluate a few combinations of modulation orders (i.e., QPSK-QPSK, 16QAM-QPSK, 64QAM-QPSK) and power ratios (i.e., 0.1, 0.3), each of which seems to be one of reasonable sets for MUST operation, based on our simulation [4, 5, 6]. However, to reach a conclusion on the performance of MUST category 2 and ML receiver, we need more evaluation under other reasonable sets such as QPSK(NU) + 16 QAM(FU), Rank 2(NU)+1(FU), and Rank 2(NU)+2(FU) as well.
3. Conclusion
In this contribution, we provide some initial link level simulation results. Our observations based on those evaluations are as follows; 
· Observation: With low MCS of FUE and low power ratio; 
· the performance gap between Ideal- and Real-CWIC is negligible.
· the performance gap between ML and CWIC is small.  And ML receiver seems to be a good candidate for MUST.
In addition, since we evaluate a few combinations of modulation orders (i.e., QPSK-QPSK, 16QAM-QPSK and 64QAM-QPSK) and power ratios (i.e., 0.1, 0.3), more link evaluation under other reasonable sets such as QPSK(NU) + 16 QAM(FU), Rank 2(NU)+1(FU), and Rank 2(NU)+2(FU) seems to be needed.
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Appendix
· Simulation parameters

	Parameters
	Values

	Carrier frequency
	2GHz 

	System BW
	10MHz (50RBs)

	Allocated resource
	5MHz (25RBs)

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel & UE velocity
	EPA (3km/h)

	Channel Correlation
	Low

	Downlink power allocation
	ρA
	-3dB

	
	ρB
	-3dB

	Antenna configuration & Rank
	(2, 2), Near UE: Rank1, Far UE: Rank1

	Cyclic Prefix
	Normal

	Number of control OFDM symbols
	3

	Transmission scheme(s)
	2Tx: CRS based transmission scheme(s),

	Link adaptation
	Fixed MCS, rank, and PMI

	EVM requirement (Tx, Rx)
	(8%, 4%)

	HARQ
	Maximum 4 retransmission
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