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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  The technical specifications were agreed during the last RAN meeting. However, during the initial phase of NR SI, RAN1 studied on non-orthogonal multiple access (NOMA). Due to the necessity of completion of more urgent features, NOMA was delayed in NR. The main objectives of NOMA study are
Non-orthogonal multiple transmission scheme
1. Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption
· Coverage (link budget)
· Latency and signalling overhead 
· BLER reliability, capacity and system load
· Physical abstraction (link-to-system mapping model)
Note: targeting common solution for mMTC, URLLC and eMBB small packet.

In this contribution, we provide preliminary simulation results showing the benefit of NOMA system in terms of improving the spectral efficiency. 
2. Link Level Simulation Assumptions
The tables below lists the baseline parameters to be used for link simulations for link throughput evaluations.  Other values may be used as well but they should be clearly described. 
Table 1: Link level simulation parameters.
	Parameters
	   Value

	Carrier Frequency
	 4 GHz

	Waveform 
(data part)
	 CP-ODM

	Numerology 
(data part)
	15 KHz

	Channel Coding
	LDPC with 50 decoding iterations 

	Allocated bandwidth
	50 MHz, with 10 RB

	MCS
	QPSK with code rate 679/1024, MCS index 9

	Spreading code
	 Generated from [1], with N= 50, K=4.

	UE SINR
	1st  UE = [-5 20] dB, Interference between UE2 and UE1 = -5 dB; Interference between UE3 and UE1 = -10 dB;
Interference between UE4 and UE1 = -8 dB;


	Number of UEs multiplexed in the same allocated bandwidth
	4

	BS antenna configuration
	 2 Receiver


	UE antenna configuration
	1 Tx

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Realistic channel estimation 


	MA signature allocation (for data)
	Fixed

	DMRS allocation
	Fixed

	Timing/frequency offset
	0

	Receiver algorithm
	MMSE with interference cancellation based on ordering of SINR 
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Figure 1 shows the link spectral efficiency of UE1 as a function of SNR in dB. Note that we plotted the spectral efficiency without interference. It can be observed that at low SNR, the performance is impacted due to the interference from the other UEs. However at high SNR, the performance impact is very minimal as the used modulation and coding scheme is sufficient to pass for the UE SINR. 
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Figure 1 Spectral efficiency for UE1 in NOMA system

Figures 2, 3 and 4 shows the spectral efficiency for UE2, 3 and 4 respectively. Figure 5 shows the sum capacity as the sum of spectral efficiencies for UE1, UE2, UE3 and UE4 vs OMA system with UE1. It can be observed that significant gains can be achieved with NOMA system with simple interference cancellation receiver .
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Figure 2  Spectral efficiency for UE2 in NOMA system
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Figure 3  Spectral efficiency for UE3 in NOMA system
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Figure 4 Spectral efficiency for UE4 in NOMA system
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Figure 5 Sum capacity comparison between NOMA and OMA

4.  Conclusions
[bookmark: _GoBack]In this contribution, we presented preliminary simulation results showing the benefits of NOMA system with linear spreading. From our results, we can observe that significant gains can be achieved with simple interference cancellation receiver.
5. References
[1] R1-1804823  ‘Transmitter Side Signal Processing Schemes for NOMA’, Qualcomm Incorporated
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