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Introduction
A study item of non-orthogonal multiple access for NR is agreed in RAN#76[1]. The study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. Link and system level performance evaluation or analysis for non-orthogonal multiple access will be further present with the new evaluation assumptions.
In RAN1#92, the initial version of new assumptions of link level performance evaluation is agreed and further clarified in RAN1#92b and #93. And initial performances of NOMA schemes including SCMA[2], PDMA[3] and MUSA[4] based on the new assumptions have been presented in our former contributions. We further evaluate those NOMA schemes by setting the number of NOMA UEs with a much bigger value and present the corresponding results in this contribution. Observations are given based on the evaluation results.

Simulation Setup
Assumptions of simulation parameters have been agreed in RAN1#92 and further clarified in RAN1 #92b and #93, see in Appendix for details. According to the assumptions, there can be a large number of configuration combinations of evaluation parameters. In this contribution, we continue our former simulation work [6] and also choose the two scenarios, mMTC and eMBB for performance evaluation. The configuration of evaluation parameters is specified as follows. Note that compared with our former simulation work, in this contribution we focus on the evaluation under the configurations with large number of NOMA UEs. 
Table 1: LLS of Evaluation Parameters for NOMA UL
	Parameters
	mMTC
	eMBB

	Carrier Frequency
	700 MHz
	4 GHz

	Waveform (data part)
	CP-OFDM
	CP-OFDM

	Channel coding
	NR LDPC

	Numerology 
(data part)
	SCS = 15 kHz
#OS = 14
	SCS = 15 kHz
#OS = 14

	Allocated bandwidth(number of PRBs)
	6 
	12 

	TBS per UE
	[10, 40, 75]bytes
	[20, 80, 150]bytes

	Target BLER for one transmission
	10%
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	10/12/16/20 (Note that the exact value used in the simulation is related to the MA signature design of a NOMA scheme)

	BS antenna configuration
	2Rx for 700MHz,
4Rx for 4 GHz 

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1 

	Channel estimation
	Ideal channel estimation 

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal 

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. 

	Receiver
	SCMA: EPA-SIC
PDMA: EPA-SIC and MMSE-SIC(Hard)
MUSA: MMSE-SIC(Hard)

	Modulation
	SCMA with 16-point constellation: See in Appendix
PDMA:16QAM
MUSA:16QAM

	Pool of spreading codebook 
	See in Appendix


Moreover, the coding rate is set as the ,where  denotes the number of available resource elements (REs) for data transmission and  is the number of bits carried on each REs. 
Evaluation Results and Analyses
The performances of block error rate (BLER) over the SNR per UE are evaluated. The SNR of a NOMA user is defined as the ratio of average power of the symbol carried on each RE to the noise power in the distribution of white Gaussian. For a fair comparison, the total power consumption of all REs carrying data for all NOMA schemes is set to be the same. Note that the performances are obtained under the settings given in Table1. Although the performance can be further improved with enhanced receivers. The classical receivers for different NOMA schemes are applied. For instance, the NOMA schemes based on sparse spreading like SCMA and PDMA, EPA-SIC receiver is adopted. The NOMA scheme based on non-sparse spreading like MUSA, MMSE with hard interference cancellation is adopted. The BLER performances are shown as follows:
mMTC scenario
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Fig.1 BLER performance in mMTC scenario with setting of TBS=10bytes, Equal SNR, TDL-C channel with ideal CE.
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Fig.2 BLER performance in mMTC scenario with setting of TBS=40bytes, Equal SNR, TDL-C channel with ideal CE.
[image: ]
Fig.3 BLER performance in mMTC scenario with setting of TBS=75bytes, Equal SNR, TDL-C channel with ideal CE.

eMBB scenario
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Fig.4 BLER performance in eMBB scenario with setting of TBS=20bytes, Equal SNR, TDL-C channel with ideal CE.
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Fig.5 BLER performance in eMBB scenario with setting of TBS=80bytes, Equal SNR, TDL-C channel with ideal CE.
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Fig.1 BLER performance in eMBB scenario with setting of TBS=150bytes, Equal SNR, TDL-C channel with ideal CE.

According to the evaluation results, we obtain the following observations:
Observation 1: Compared with NOMA schemes based on the symbol level sparse spreading (e.g., SCMA and PDMA), NOMA scheme based on symbol level non-sparse spreading (e.g, MUSA) is capable of achieving higher overloading.
Observation 2: Compared with MMSE-SIC (Hard) receiver, EPA receiver performs better in the case with high modulation order and high overloading. The gain narrows with increasing number of receive antennas.
Observation 3: The NOMA scheme with joint design of modulation and spreading code (e.g., SCMA) outperforms other NOMA schemes under the same given configurations of coding rate, modulation order (e.g, 16QAM) and UE number, due to the gain of joint design.
Observation 4: The NOMA scheme based on symbol level sparse spreading without changing the modulation method (e.g., PDMA), both MMSE-SIC (Hard) receiver and EPA receiver are applicable.
Observation 5: When to use the same MMSE-SIC (Hard) receiver, the NOMA schemes based on symbol level spreading without changing the modulation method (e.g., MUSA and PDMA) performs similar under the same given configurations of coding rate, modulation order and UE number.

Conclusion
In this contribution, we continue our evaluation work on the LLS of classical NOMA schemes by setting a large number of UEs. The corresponding simulation results are present and we obtain the following observations:
Observation 1: Compared with NOMA schemes based on the symbol level sparse spreading (e.g., SCMA and PDMA), NOMA scheme based on symbol level non-sparse spreading (e.g, MUSA) is capable of achieving higher overloading.
Observation 2: Compared with MMSE-SIC(Hard) receiver, EPA receiver performs better in the case with high modulation order and high overloading. The gain narrows with increasing number of receive antennas.
Observation 3: The NOMA scheme with joint design of modulation and spreading code (e.g., SCMA) outperforms other NOMA schemes under the same given configurations of coding rate, modulation order (e.g, 16QAM) and UE number, due to the gain of joint design.
Observation 4: The NOMA scheme based on symbol level sparse spreading without changing the modulation method (e.g., PDMA), both MMSE-SIC(Hard) receiver and EPA receiver are applicable.
Observation 5: When to use the same MMSE-SIC(Hard) receiver, the NOMA schemes based on symbol level spreading without changing the modulation method (e.g., MUSA and PDMA) performs similar under the same given configurations of coding rate, modulation order and UE number.
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Appendix
Assumptions for link level evaluation 
Table 3 Evaluation parameters – LLS for UL NOMA agreed in RAN1#92
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 700 MHz as optional
	

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC 
mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4

	SCS = 15 kHz
#OS = 14
	

	Allocated bandwidth
	6 as the starting point
	12 as the starting point
	12 as the starting point
	For high payload such as 75 bytes, larger number of RBs can be considered.

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.
	#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)


	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 

	Companies are encouraged to perform evaulations with various number of UEs
Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4Rx or 8 Rx for 4 GHz 
8Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	UE antenna configuration
	1Tx  
	

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h, CDL optional
	

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.
	

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal

	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the average SNR among UEs, and the deviation  [a=3]

	Timing offset
	0 as starting point. For grant-free without perfect TA, value is TBD
	

	Frequency error
	0 as starting point. The value(s) is TBD. 
	

	Traffic model for link level
	Full buffer as starting point. Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.
	

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.

	


Pool of spreading codebook of NOMA schemes for comparison
 Table 4 Pool of spreading codebook of NOMA schemes for comparison
	NOMA scheme
	Pool of Spreading Codebook 

	PDMA
	
Spreading codebook 

	SCMA with 16-point constellation
	Spreading codebook:
16-point constellation:
 [image: ]

	MUSA SF=4
	

Note that when the number of UE is n, choose the first n rows of spreading codebooks.
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