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1. Introduction
In this contribution, we provide the link-level simulation results for different receiver types when two multiuser superposition schemes are used.  The superposed transmission schemes with and without Gray mapping are called MUST Category-1 and MUST Category-2, respectively. The receiver performances for both near- and far-users in MUST transmission are presented.

2. Link-level Evaluation Results
In this paper, the link-level simulation results are provided based on single-beam transmission scheme. The near- and far-users both use rank-1 and DMRS-based transmission mode. The Tx EVM is 8% and modeled in simulations, but Rx EVM is not considered. Real channel estimation and noise estimation are applied, so the impairments from channel estimation error and noise estimation error are included in simulations. The other parameters used for simulations are summarized in the Appendix of this contribution. The performances of different receiver types for the near- and far-users are discussed on MUST Category-1 and Category-2. When MUST Category-1 is employed, the transmitted signals for the near- and far-users are linearly combined according to the allocated power slit factor. When MUST Category-2 is utilized, the modulator in [1] could be applied to make superposed constellation points fit the rule of Gray mapping, i.e., the bit sequences of any two adjacent constellation points differ in only one bit. The modulator used to generate Gray mapping superposed constellation points is depicted in Figure 1.
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Figure 1. Modulator for generating Gray mapping superposed constellation points
In addition, the power split factors shown in [2] are used in the link-level simulations. There are 8 power split factors for each possible modulation combination (MODN, MODF), MODN and MODF are the modulation orders of  near and far-users, respectively. These power split factors are chosen to avoid overlapped superposed constellation points.
Table 1. Power split factor μ for the far-user
	MODN
	MODF
	μ1
	μ2
	μ3
	μ4
	μ5
	μ6
	μ7
	μ8

	QPSK
	QPSK
	0.5875
	0.6500
	0.7000
	0.7500
	0.8000
	0.8750
	0.9125
	0.9500

	QPSK
	16QAM
	0.5125
	0.6500
	0.6875
	0.7250
	0.7625
	0.8875
	0.9125
	0.9500

	QPSK
	64QAM
	0.5125
	0.6375
	0.6625
	0.7375
	0.7625
	0.8000
	0.8750
	0.9000

	16QAM
	QPSK
	0.5500
	0.6875
	0.7250
	0.7625
	0.8000
	0.8250
	0.8500
	0.9000

	16QAM
	16QAM
	0.5875
	0.6375
	0.6625
	0.7375
	0.7625
	0.8375
	0.8625
	0.9500

	16QAM
	64QAM
	0.5750
	0.6250
	0.6750
	0.7375
	0.7625
	0.8500
	0.8750
	0.9250

	64QAM
	QPSK
	0.5875
	0.6000
	0.6625
	0.7250
	0.7625
	0.8000
	0.8500
	0.9000

	64QAM
	16QAM
	0.5375
	0.6250
	0.7250
	0.7625
	0.8250
	0.8750
	0.9375
	0.9500

	64QAM
	64QAM
	0.5625
	0.6250
	0.7125
	0.7625
	0.8250
	0.8750
	0.9125
	0.9500


In the following sub-sections, the receiver performances under two superposed modulation schemes for the near- and far-users are discussed separately. For the near-user, we show the results for
· ML and ideal CWIC receiver performances when MUST Category-1 is used
· ML receiver performance when MUST Category-2 is used.
For the far-user, we show the results for
· ML and MMSE receiver performances when MUST Category-1 is used
· ML and MMSE receiver performances when MUST Category-2 is used.
Receiver performance for near-user

Figures 2, 3 and 4 show the near-user performances with different receiver types under MUST Category-1 and Category-2. In each sub-plot, the horizontal axis is the SNR value at the transmitter side, and the vertical axis is the user throughput. The notations “Cat1” and “Cat2” in the legends are represented for MUST Category-1 and Category-2, respectively.  “PWR_F” in each sub-plot stands for the power split factor for the far-user. There are three curves in each sub-plot, the orange and blue curves show the ML performances in MUST Category-1 and Category-2, respectively. And the green curve represents the ideal CWIC performance when MUST Category-1 is used. The ideal CWIC is modeled as 100% CRC pass rate when decoding far-user’s signal at the near-user receiver. That is, the near-user can always decode far-user’s signal successfully. After perfect cancellation of far-user’s signal, the residual interference due to far-user is from the channel estimation error, and it’s introduced to the near-user’s decoding process. 
From Figures 2, 3 and 4, the ML receiver in MUST Category-2 outperforms ML receiver in MUST Catagory-1 because Gray labeled superposed constellation is used. The gain is more obvious when the allocated power for far-user is smaller, i.e., power split factor for far-user < 0.8750 when both users use QPSK, or when the far-user uses higher modulation orders, i.e., 16QAM. It’s also observed that the ML performance in Category-2 can be very close to the performance of ideal CWIC when far-user uses QPSK. But there is still a large loss for ML receiver when the power split factor for far-user is smaller than 0.95 in (MODN, MODF) = (16QAM, 16QAM) case. It’s because the constellation points are close to each other in this kind of constellation, the ML receiver cannot perform well. However, the real performance gap between realistic CWIC and ML receiver has to be further studied. In addition, from Figure 4, we can observe that the ML receiver in MUST Category-1 cannot decode well when the superposed constellation points are 16QAM+16QAM with 8% Tx EVM.
Observation:

1) MUST Category-2 provides significant gain over MUST Category-1 for ML receiver. The gain is more obvious when far-user uses higher modulation orders or when the power split factor of far-user is smaller.

2) MUST Category-2 can achieve similar performance as ideal CWIC when far-user uses QPSK. And the performance loss is decreasing with the increase of the power ratio allocated to the far-user. But there is still large loss for ML receiver in Category-2 when both near- and far-users use 16QAM.

3) The ML receiver in MUST Category-1 cannot decode well with 8% Tx EVM in the constellation points of 16QAM+16QAM.
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Figure 2. Near-user performance for receiver types under MUST Category-1 and 2, (MCSN , MCSF) = (5,5)
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Figure 3. Near-user performance for receiver types under MUST Category-1 and 2, (MCSN , MCSF) = (14,5)
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Figure 4. Near-user performance for receiver types under MUST Category-1 and 2, (MCSN , MCSF) = (14,14)
Receiver performance for far-user

Figure 5, 6 and 7 show the receiver performances at the far-user. In each sub-plot, there are four curves. The orange and blue curves stand for the ML and MMSE receiver performances in MUST Category-1, respectively. The green and pink curves represent the ML and MMSE receiver performances in MUST Category-2, respectively. From Figures 5 and 6, it shows that all curves coincide with each other and there is no benefit for Category-2 over Category-1 when far-user uses QPSK. It’s because the far-user uses the first two bits (MSB) when Category-2 is employed and the decision region of different bit sequences of far-user does not overlap with each other in Category-1 when the power split factors in Table 1 are used. If the overlap of decision region occurs, i.e., 16QAM+16QAM in Figure 7, Category-2 outperforms Category-1 when power split factor of far-user is smaller than 0.95. The overlap of decision region degrades the receiver performance in Catgory-1.

Compare the receiver performances between MMSE and ML when Category-2 is utilized, the MMSE receiver has similar performance as ML receiver. The obvious loss for MMSE receiver only occurs when the allocated power ratio for far-user is 0.5875 and SNR exceeds a certain value, i.e., 8dB, in constellation of 16QAM+16QAM. And when Category-1 is used, the MMSE receiver performance is close to ML receiver performance when far-user uses QPSK. But there is a significant loss for MMSE receiver if 16QAM+16QAM constellation is used and the power split factor of far-user is smaller than 0.95.
Observation:
1) MUST Category-2 provides significant gain over Category-1 when the overlap of decision region occurs, i.e., the constellation of 16QAM+16QAM.
2) It’s sufficient to use MMSE receiver for far-user in MUST Category-2.

3) In MUST Category-1, MMSE receiver has similar performance as ML receiver when far-user uses QPSK. But in some modulation combination case, i.e., 16QAM+16QAM, the performance loss for MMSE receiver is obvious when SNR value exceeds certain value.
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Figure 5. Far-user performance for receiver types under MUST Category-1 and 2, (MCSN , MCSF) = (5,5)
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Figure 6. Far-user performance for receiver types under MUST Category-1 and 2, (MCSN , MCSF) = (14,5)
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Figure 7. Far-user performance for receiver types under MUST Category-1 and 2, (MCSN , MCSF) = (14,14)

3. Conclusion
In this contribution, we provide the link-level simulation results for multiuser superposition schemes with and without Gray mapping under different receiver types. And the near- and far-user receiver performances are both presented. Based on these evaluation results, we have following observations:
1) MUST Category-2 provides significant gain over MUST Category-1 for ML receiver. The gain is more obvious when far-user uses higher modulation orders or when the power split factor of far-user is smaller.

2) MUST Category-2 can achieve similar performance as ideal CWIC when far-user uses QPSK. And the performance gap is decreasing with the increase of the power ratio allocated to the far-user. But there is still large loss for ML receiver in Category-2 when both near- and far-users use 16QAM.

3) The ML receiver in MUST Category-1 cannot decode well with 8% Tx EVM in the constellation points of 16QAM+16QAM.
4) MUST Category-2 provides significant gain over Category-1 when the overlap of decision region occurs, i.e., the constellation of 16QAM+16QAM.
5) It’s sufficient to use MMSE receiver for far-user in MUST Category-2.

6) In MUST Category-1, MMSE receiver has similar performance as ML receiver when far-user uses QPSK. But in some modulation combination case, i.e., 16QAM+16QAM, the performance loss for MMSE receiver is large when SNR value exceeds certain value.
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Appendix: Simulation Assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	System BW
	10 MHz

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel & UE velocity
	EPA 5Hz

	Channel Correlation
	Low

	(# of Tx antennas, # of Rx antennas)
	(2, 2)

	Cyclic Prefix
	Normal

	Number of control OFDM symbols
	3

	Transmission scheme(s)
	2Tx: DMRS based transmission scheme(s)

	Link adaptation
	Fixed

	EVM requirement (Tx, Rx)
	(8%, 0%)

	HARQ
	Maximum 4 retransmissions

	Channel estimation
	Real

	Noise estimation
	Real


