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1. Introduction
In RAN1#81, [1] was presented and seemed as a guidance of link-level simulations in downlink MUST. Many companies used the proposed parameter settings in [1] to do link performance evaluation and numerous results for receiver type performance comparison under different MUST categories were shown in past meetings. But many evaluation results were mainly focused on the smaller constellation points, i.e., QPSK+QPSK and 16QAM+QPSK, and the performance degradations due to error vector magnitude (EVM) requirements listed in [1], i.e., Tx EVM 8% and Rx EVM 4%, were not significant in these cases. In this contribution, we further provide link-level evaluation results for larger constellation points, i.e., 64QAM+QPSK, and discuss the impact of EVM when the near-user has higher modulation orders.
2. Link-level Evaluation Results
In the past meetings, many link-level evaluation results were provided to compare receiver performance for different receiver types under possible MUST categories. Most results were focused on smaller constellation points, i.e., (MODN, MODF)=(QPSK, QPSK) and (16QAM, QPSK). However, according to the distribution of modulation order combinations of co-scheduled users in our system-level simulations, the probabilities of (MODN, MODF) equals to (16QAM, 16QAM) and (64QAM, QPSK) are 17.57% and 12.22%, respectively. The percentages of these larger constellation points are not low and should be considered carefully. In addition, the ML receiver is more sensitive to high EVM in large constellation points than in smaller constellation points of QPSK+QPSK or 16QAM+QPSK because higher SNR is required for decoding successfully when modulation orders are large. Therefore, we further provide results on higher modulation order combinations and take EVM into account in this paper.
Here, we consider the single-beam transmission scheme in MUST Category-1 and Category-2. When MUST Category-1 is employed, the transmitted signal for the near- and far-users are linearly combined according to the allocated power split factors listed in Table 1. When MUST Category-2 is utilized, the modulator in [2] is applied to make the superposed constellation points fit the rule of Gray mapping. At the receiver side, the real channel and noise estimations are performed, so the estimation errors are included in simulations. The performances of ML and ideal-CWIC receivers are presented in this document. The other parameter settings for the simulations are summarized in the Appendix.
Table 1. Power split factor for the far-user

	Power split factor
	0.6688
	0.7625
	0.8750
	0.9125


EVM modeling

EVM is the difference between the real and ideal modulated symbols. The details of Tx and Rx EVM modeling for link-level simulator was presented in [3] for higher order modulation discussion in small cell. The illustration of EVM model is shown in Figure 1. For Tx EVM, it could be simply modeled by adding a Gaussian noise with the average power proportional to the transmitted power at each antenna. To capture the impairments at the receiver side, the Rx EVM power is proportional to the power of received signal.
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Figure 1. Illustration of Tx EVM & Rx EVM model in [3]
Receiver performance for near-user

Figures 2, 3 and 4 show the near-user performance in different receiver type and MUST category combinations corresponding to EVM (Tx, Rx) equals to (0%, 0%), (8%, 0%) and (8%, 4%), respectively. There are five rows in each figure, and they are corresponding to different (MODN, MODF) combinations. In each sub-plot, the horizontal axis is the SNR value at the transmitter side without applying power split factor, and the vertical axis is the near-user throughput. The notations “Cat1” and “Cat2” in the legends are represented for MUST Category-1 and Category-2, respectively. “PWRF” in each title stands for the power split factor for the far-user. There are three curves in each sub-plot, the blue and green curves show the ML performances in MUST Category-1 and Category-2, respectively. And the red 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, so it’s supposed that the near-user receiver can always decode far-user’s signal successfully and perform perfect interference cancellation.
From the simulation results, it can be observed that the performance degradation is significant with EVM (Tx, Rx) equals to (8%, 0%) or (8%, 4%) when the constellation points are larger or the split power factor for the far-user is high. If we focus on Figure 3 for EVM (Tx, Rx) equals to (8%, 0%), we can find that ML performance in MUST Category-1 saturates in high SNR region in many cases, i.e., (MODN, MODF)=(64QAM, QPSK) with power factor 0.875. The throughput cannot increase as increasing SNR. For Tx EVM 8%, the SNR is roughly bounded as 1/(0.08)2~22dB, thus, for those cases that need higher SNR to achieve required BLER, i.e., 10%, the performance loss is more significant. If we further take Rx EVM into account, i.e., the performance in Figure 4, then the degradation is severer. In addition, it can also be found that the loss for ML in MUST Category-1 is larger when compared to ideal CWIC or ML in Category-2. Based on the simulation results, the proper Tx/Rx EVM requirements for performance evaluations are needed especially when the constellation points or power split factors are large. The feasible Tx/Rx EVM requirements should be further studied in MUST.
Observation:

1) EVM (Tx, Rx) equals to (8%, 4%) degrades link performance a lot especially when the constellation points or power split factors are large. And compared to other receiver types or MUST categories, the degradation of ML in MUST Category-1 is more significant because it needs higher SNR to achieve required BLER.
Proposal:

1) Further study on feasible Tx/Rx EVM requirements in MUST.
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Figure 2. Near-user performance for receiver types under MUST Category-1 and 2, EVM (Tx, Rx) = (0%,0%)
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Figure 3. Near-user performance for receiver types under MUST Category-1 and 2, EVM (Tx, Rx) = (8%, 0%)
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Figure 4. Near-user performance for receiver types under MUST Category-1 and 2, EVM (Tx, Rx) = (8%, 4%)
3. Conclusion
In this contribution, we provide more link-level simulation results on larger constellation points with and without EVM. Based on these evaluation results, we have following observation and proposal:
Observation:

1) EVM (Tx, Rx) equals to (8%, 4%) degrades link performance a lot especially when the constellation points or power split factors are large. And compared to other receiver types or MUST categories, the degradation of ML in MUST Category-1 is more significant because it needs higher SNR to achieve required BLER.

Proposal:

1) Existing EVM requirements for 64QAM are feasible for MUST using QPSK+QPSK, 16QAM+QPSK, and 16QAM+16QAM with high Tx power ratio for MUST far-user.

2) Further study on feasible Tx/Rx EVM requirements in MUST for other cases.

.
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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)
	(0%, 0%), (8%, 0%), (8%, 4%)

	HARQ
	Maximum 4 retransmissions

	Channel estimation
	Real

	Noise estimation
	Real


