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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding UL non-orthogonal multiple access (NOMA) [1]:

· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
In addition, the following agreements were made with respect to the MA resource and MA physical resource [1]: 

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block

· Note: spatial dimension is not considered as a physical resource in this context

· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 

In this contribution, we share our view on time and frequency domain short sequence based spreading UL NOMA schemes and present PAPR/CM results and link level simulation results for various UL NOMA schemes.  
2 Discussion on short sequence based spreading (SSMA)
As described in [2], several options can be considered for uplink NOMA schemes. For short sequence based spreading multiple access (SSMA), direct spreading of modulation symbols with multiple orthogonal or quasi-orthogonal codes is applied and the spread symbols are transmitted in time-frequency resources allocated for non-orthogonal transmission. 
As illustrated in Figure 1, the incoming symbols from a QAM modulator are spread using p orthogonal codes. Then the spread symbols are added to each other before subcarrier mapping, and IFFT operation for OFDM based waveform. In case for SC-FDMA based waveform, additional DFT-spreading block is inserted prior to subcarrier mapping. Note that summation operation may be omitted for SSMA to potentially maximize statistical multiplexing gains. 
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Figure 1. SSMA transmission scheme: OFDM or SC-FDMA waveform
According to the agreement in [1], NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC. For massive MTC in NR, one of the key requirements or KPIs is to support coverage enhancements, e.g., with 164dB MCL as defined for NB-IoT. In order to meet the target coverage for mMTC, single carrier property of UL transmission should be supported to minimize PA back-off and thereby improve the coverage. 
For SSMA, either time or frequency domain spreading can be applied on the modulated symbols. As shown in Figure 2, spreading sequence is used to spread the modulated symbols in an increasing order of subcarrier and symbol, respectively. It is worth mentioning that time and frequency domain spreading can be further applied for different PRBs and subframes, respectively. Note that time domain spreading based SSMA scheme may be more appropriate for the support of mMTC with coverage enhancement when considering low mobility characteristics of mMTC devices. 
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Figure 2. SSMA with per-RE based time and frequency domains spreading
Overall, NOMA schemes can be categorized as full length spreading where UE maps the spread symbols into full set of resources, which indicates that this type of UL NOMA schemes can be applied for both OFDM and SC-FDMA waveform. In contrast, sparse spreading based UL NOMA scheme including low density signature based spreading and SCMA [3] where UE maps the spread symbols into subset of resources, may not be directly applicable for SC-FDMA waveform, which may lead to high PAPR/CM. 
Observation 1
· For full length spreading based NOMA schemes including LCRS and SSMA, both OFDM and SC-FDMA waveform can be employed. 

· Sparse spreading based NOMA schemes including low density signature based spreading and SCMA may not be directly applicable for SC-FDMA waveform, which may lead to high PAPR and CM. 
3 PAPR analysis for NOMA schemes
This section presents and discusses PAPR/CM evaluation results for LCRS, SSMA with per-RE based time and frequency spreading and SCMA scheme for OFDM and SC-FDMA waveform if applicable. In the simulations, two options are considered for spreading factor of 4 for SSMA scheme: 

· Option 1: orthogonal sequence using Hadamard code;

· Option 2: phase rotation of computer searched base sequence similar to DM-RS sequence as defined in NB-IoT. 

For spreading factor of 12, phase rotation of a same base sequence as defined for length-12 PUSCH DM-RS is assumed for spreading code. 
Figure 3 and Table 1 illustrate PAPR and CM comparison for various NOMA schemes including LCRS, SSMA and SCMA, respectively. In the simulations, it is assumed a same spreading sequence is applied for all modulated symbols for SSMA. Note that as mentioned above, only OFDM waveform can be applicable for SCMA due to the nature of sparse spreading. 
From the simulation results, it can be observed that frequency domain spreading with same spreading sequence increases PAPR and CM significantly for both OFDM and SC-FDMA waveform. Further, SSMA using quasi-orthogonal sequence in Option 2 can achieve less PAPR/CM compared to that using orthogonal sequence.
In addition, it can be seen that PAPR/CM for SCMA is similar to that for time domain spreading based SSMA using OFDM waveform, but is worse than that for time domain spreading based SSMA using SC-FDMA waveform. 
Note that if frequency domain spreading based SSMA scheme is supported, additional techniques to reduce PAPR/CM are necessary for mMTC. 
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Figure 3. PAPR for various NOMA schemes
Table 1. CM for various NOMA schemes
	CM (dB)
	OFDM
	SC-FDMA

	
	SF4 
(Option 1)
	SF4 
(Option 2)
	SF12
	SF4 
(Option 1)
	SF4 
(Option 2)
	SF12

	LCRS
	3.4
	1.0

	SCMA
	3.3
	N/A

	SSMA: TD spreading
	3.4
	3.4
	3.4
	1.0
	1.0
	1.0

	SSMA: FD spreading
	[6.2~8.5]
	7.2
	[4.2~4.9]
	[-0.1~3.2]
	[-0.1-2.0]
	[0.3~1.8]


Observation 2
· Frequency domain spreading based SSMA scheme with same spreading sequence increases PAPR/CM significantly for both OFDM and SC-FDMA waveform. 
· PAPR/CM for SCMA is similar to that for time domain spreading based SSMA using OFDM waveform.
· PAPR/CM for SCMA is worse than that for time domain spreading based SSMA using SC-FDMA waveform.
4 Link level simulation results 

In this section, we present link-level simulation results for SSMA schemes with per-RE based time and frequency domain spreading for OFDM and SC-FDMA waveform. In the simulations, it is assumed orthogonal sequence using Hadamard code is applied for spreading factor of 4 for SSMA. The simulation assumptions are outlined in the Appendix of this contribution. 
Time and frequency domain spreading
Figure 5 and Figure 6 illustrate link level performance for time and frequency domain spreading based SSMA schemes for OFDM for 4 PRBs and 8 PRBs, respectively. From the figures, it can be observed that time and frequency domain spreading NOMA schemes can deliver similar link level performance. 
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Figure 5. Link level performance for time and frequency domain spreading based SSMA for OFDM: 4 RPBs
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Figure 6. Link level performance for time and frequency domain spreading based SSMA for OFDM: 8 RPBs

 Observation 3
· Time and frequency domain spreading based SSMA schemes can deliver similar link level performance for OFDM. 
OFDM and SC-FDMA
Figure 7 and Figure 8 illustrate link level simulation results for frequency domain spreading based SSMA with OFDM and SC-FDMA waveforms for 4 PRBs in TDL-A and TDL-C channel, respectively. It can be observed that for frequency flat fading channel, e.g., TDL-A channel with 30ns RMS delay spread, link level performance difference between OFDM and SC-FDMA for SSMA is negligible. However, for frequency selective fading channel, SSMA using OFDM outperforms that using SC-FDMA. This is primarily due to the fact that under this channel condition, orthogonality between modulated symbols may not be maintained with DFT spreading for SC-FDMA waveform. 
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Figure 7. Link level performance for SSMA with OFDM and SC-FDMA: TDL-A (30ns)
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Figure 8. Link level performance for SSMA with OFDM and SC-FDMA: TDL-C (300ns)
Observation 4
· For frequency flat fading channel, link level performance between OFDM and SC-FDMA for SSMA is negligible.

· For frequency selective fading channel, OFDM outperforms SC-FDMA for SSMA. 
Based on the presented link level simulation results and PAPR/CM analysis, time domain spreading based SSMA can achieve similar link level performance as frequency domain based spreading SSMA, but provides superior PAPR/CM performance, which is beneficial especially for coverage limited UEs. Taking into account low mobility characteristics and coverage enhancement requirement for mMTC, it is more desirable to consider time domain spreading for SSMA scheme. Further, SC-FDMA waveform is preferred for UL NOMA scheme for mMTC due to low PAPR and CM.
Proposal 1
· Taking into account low mobility characteristics and coverage enhancement requirement for mMTC, it is more desirable to consider time domain spreading for SSMA scheme.
· SC-FDMA waveform is preferred for UL NOMA scheme for mMTC due to low PAPR and CM. 
5 Conclusions

In this contribution, we shared our view on time and frequency domain short sequence based spreading UL NOMA schemes and present PAPR/CM results and link level simulation results for various UL NOMA schemes. Based on the discussion presented, we summarize our views through the following observations:
Observation 1
· For full length spreading based NOMA schemes including LCRS and SSMA, both OFDM and SC-FDMA waveform can be employed. 

· Sparse spreading based NOMA schemes including low density signature based spreading and SCMA may not be directly applicable for SC-FDMA waveform, which may lead to high PAPR and CM. 
Observation 2
· Frequency domain spreading based SSMA scheme with same spreading sequence increases PAPR/CM significantly for both OFDM and SC-FDMA waveform. 
· PAPR/CM for SCMA is similar to that for time domain spreading based SSMA using OFDM waveform.

· PAPR/CM for SCMA is worse than that for time domain spreading based SSMA using SC-FDMA waveform.

Observation 3
· Time and frequency domain spreading based SSMA schemes can deliver similar link level performance for OFDM. 
Observation 4
· For frequency flat fading channel, link level performance between OFDM and SC-FDMA for SSMA is negligible.

· For frequency selective fading channel, OFDM outperforms SC-FDMA for SSMA. 
Proposal 1
· Taking into account low mobility characteristics and coverage enhancement requirement for mMTC, it is more desirable to consider time domain spreading for SSMA scheme.
· SC-FDMA waveform is preferred for UL NOMA scheme for mMTC due to low PAPR and CM. 
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Appendix: Simulation Assumptions
	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM/SC-FDMA

	Channel coding
	Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	4/8 PRB pairs

	Overhead 
	2 DMRS symbols, no SRS, i.e., 144 available REs per PRB-pair for data transmission

	Target spectral efficiency 

(= required transmission bits per user / total number of resource elements shared for data transmission)
	TBS: 120 bits 
The number of UEs multiplexed: 1 or 8

1 UE for OMA and 8 UEs for NOMA

	Modulation and coding scheme
	QPSK, code rate: 1/8, 1/16

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Equal average SNR

	Propagation channel & UE velocity 
	TDL-A (30ns) and TDL-C (300ns)

UE velocity: 3km/h 

	Max number of HARQ transmission 
	1

	Receiver structure
	MMSE-IRC and MMSE-PIC algorithm 

	Channel estimation
	Ideal
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