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1. Introduction
The following non-orthogonal multiple access schemes have been reported up to RAN1#86 for at least UL NR MA [1]: 
Observations:
· Sparse code multiple access (SCMA) (e.g., R1-162153)

· Multi-user shared access (MUSA) (e.g., R1-162226) 

· Low code rate spreading (e.g., R1-162385) 

· Frequency domain spreading (e.g., R1-162385)

· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517) 

· Non-orthogonal multiple access (NOMA) (e.g., R1-163111) 

· Pattern division multiple access (PDMA) (e.g., R1-163383) 

· Resource spread multiple access (RSMA) (e.g., R1-163510)

· Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)

· Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)

· Low code rate and signature based shared access (LSSA), (e.g., R1-164869) 

· Non-orthogonal coded access (NOCA), (e.g., R1-165019)

· Interleave Division Multiple Access (IDMA), (e.g., R1-165021)

· Repetition division multiple access (RDMA), (e.g., R1-167535)

· Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)
By the above observation, different NoMA schemes including the transmitter structure and its preferred receiver are illustrated in the listed proposals. There are some typical receivers for NoMA, e.g. MPA, L-CWIC, ESE and etc. What is worth to mention, although there is not a strong bundling relations between the transmitter and the receiver, it does not mean a NoMA transmitter scheme can use any receiver type. 
In this contribution, we focus on the discussion of the effect of EVM to the non-linear receivers and give our preliminary link level simulation results based on the proposed EVM model. We address our findings to evoke the concern on EVM issues and propose preliminary solutions. 
2. Link level simulation and findings
In this section, the preliminary link level simulation results of sparse code based NoMA is presented and some interesting phenomenon is observed. In this simulation, we evaluate the sparse code based NoMA overloading 150% with total system target SE 1.5bps/Hz under EPA channel, as shown in Fig.1. The major simulation parameters are shown in Table A1.
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Fig.1: LLS performance curves for UL sparse code based NoMA overloading 150% with total SE 1.5bps/Hz
Based on the above simulation results, we can get the below observations:

Observation 1: Comparing with the  linear detection, the demodulation performance of the non-linear receivers，e.g. MPA, BP and etc., are more sensitive to the EVM when considering the residual transmit non-ideal factors. And it may result in the obvious performance degradation in the high overloading case.
Proposal 1: The EVM should be modeled in the NoMA LLS performance evaluation.

3. Discussion on the effect of EVM to the non-linear receivers
In this section, to give an insight of the EVM to non-linear receiver’s effect, we analyze the component of EVM when considering the practical non-ideal implement issues. And then we give the EVM model for link level performance evaluation and analyze its effect to the different receivers. 

The EVM can be caused by many non-ideal factors at the transmitter side such as nonlinearity of RF amplifiers, quantization and clipping of ADC/DAC, carrier frequency offset of mixing process, sampling offset, IQ imbalance, phase noise (particularly severe for the OFDM system) and etc. As observed in [2], the EVM is modeled as an AWGN since it results from the sum of a large number of residual transmit impairments. Furthermore, the EVMs of UL Tx-RF chains are statistically independent across different users. 
When considering non-ideal factors both at the transmitter and receiver side, the signal model can be represented as
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where 
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denotes the transmitted signals, 
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is the noise vector and 
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represent the distortion at the transmitter and receiver side, respectively. And according to the above discussion, we assume 
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When assuming the i.i.d. complex Gaussian noise and perfect channel estimation at the receiver side, the ML detector is given by 
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The LLR of each coded bit conditioned on the received signal 
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 is calculated according to the max-log algorithm as
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According to the signal model (1), the distortion at the receiver side 
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 can be treated as an additive noise. But the distortion at the transmitter side 
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cannot be simply taken as noise. Specifically, 
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can be treated as an additive noise only? when the linear receiver is used, such as zero-forcing detection and etc. Because ZF or MMSE is the widely used linear receiver and the colored noise can be completely or approximately whitened under this assumption. However, 
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is more like a multiplicative noise when the non-linear receiver is adopted in the NoMA schemes such as ML/R-ML and etc. In contrast to linear receivers and some of the non-linear receivers, e.g. L-CWIC, ML/conventional R-ML detection, e.g. BP, relies heavily on the assumption that the noise at the receiver side is i.i.d. circularly-symmetric complex Gaussian (CSCG) random vector, which is not the case in the presence of Tx-RF impairments (considering the EVM effect). 
Proposal 2: The robust receiver to EVM and/or its related procedures should be studied in the NoMA SI
4. Conclusions
In this contribution, we present our LLS results and get some interesting findings. And then we give the EVM model for link level performance evaluation and analyze its effect to different receivers. Based on the model, According to the above discussions, we would like to put forward the following proposal:

Observation 1: Comparing with linear detection, the demodulation performance of the non-linear receivers，e.g. MPA, BP and etc., are more sensitive to the EVM when considering the residual transmit non-ideal factors. And it may result in the obvious performance degradation in the high overloading case.
Proposal 1: The EVM should be modeled in the NoMA LLS performance evaluation.

Proposal 2: The robust receiver to EVM and/or its related procedures should be studied in the NoMA SI.
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6. Annex: Simulation parameters
Table A1: LLS Evaluation assumptions 
	Parameters
	Values or assumptions

	Carrier Frequency
	2 GHz

	Waveform & Numerology
	OFDM /SC-FDMA, Same as Release 13

	Channel coding
	Turbo

	System Bandwidth
	10 MHz

	Total allocated bandwidth for transmission
	4PRB (0.72MHz)

	Overhead
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead

	Suggested target spectral efficiency
Definition: TB size per user / total number of resource elements shared for data transmission
	TB size per user in 4RB case (without CRC): 120 bits

	BS antenna configuration
	2 Rx 

	UE antenna configuration
	1Tx

	Transmission mode
	TM1 (refer to TS36.213)

	Suggested SNR distribution of multiple UEs
	Equal average SNR (short-term variation remains)

	Propagation channel & UE velocity
	EPA, 3km/h

	Max number of HARQ transmission
	0

	Given BLER level (to calculate sum throughput)
	0.1 for 1 transmission as starting point, other numbers not precluded, e.g.,
0.01 for 1 transmission

	Receiver Type
	Conventional MPA
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