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Introduction
At the RAN1#85meeting, the following agreement was captured in NR multiple access [1].
	Agreement:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
· Multiple UEs can share the same time and frequency resources
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied
· Collision of  time/frequency resources from different UEs, solutions potentially including 
· E.g., code, sequence, interleaver pattern
· UL synchronization (DL synchronization assumed)
· Case 1: Timing offsets between UEs are within a cyclic prefix
· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 
· Requirement for power control
· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control
· Receiver impact


In this contribution, we show our view regarding multiple access schemes.
Multiple access scheme for UL mMTC
PAPR/CM
Waveform and multiple access scheme seem to be inseparable. Thereby, it is preferable to discuss multiple access schemes considering the agreements on waveform for new radio interface. The following agreements were captured in [1].
Agreements:
· The following OFDM-based waveforms should be used as RAN1 NR waveform performance reference:
· OFDM with CP
· DFT-s-OFDM with CP
· All waveform in RAN1 #84bis/#85 meeting can be evaluated based on agreed assumptions
· Note: Each company should provide details on the DFT-spreading, guard interval, Tx/Rx filtering and/or windowing applied to OFDM waveform for evaluation

According to the agreements, OFDM-based waveform, such as OFDM with CP and DFT-s-OFDM with CP, were regarded as RAN1 NR waveform performance references. In UL mMTC, wide coverage area will be demanded at the sacrifice of high speed packet transmission. In addition, long battery life, miniaturization, and low cost power amplifier will be also required for mMTC devices. Therefore, we believe PAPR/CM of transmit waveform is one of the most important factor taking into account mMTC service.
In Table 1, we show CM of various waveform. Simulation assumption is described in Annex. Here, any filtering and windowing are not applied to OFDM, and we implemented modulation symbol level spreading [2] as a spreading method for both OFDM and DFT-s-OFDM. In addition, the spreading using full length codes [2-4] and the spreading using sparse codes [5, 6] were proposed for NR MA at the RAN1#85meeting. In this contribution, we chose Walsh-Hadamard code as a full length code and the codebook described in [5], as a sparse code. Moreover, a scrambling code is applied in order to remove the effect of code sequence. From the table, we can see that CM of DFT-s-OFDM based is quite smaller than that of OFDM based. Sparse code can slightly reduce the CM of OFDM while it increases the CM of DFT-s-OFDM.
Observation 1:
· CM of DFT-s-OFDM is quite smaller than that of OFDM. 
· Sparse code can slightly reduce the CM of OFDM while it increases the CM of DFT-s-OFDM.


Table 1:  Cubic metric for each waveform.
	
	OFDM based
	DFT-s-OFDM based

	Walsh code spreading
	3.93
	1.22

	Sparse code spreading
	3.85
	2.87



We believe DFT-s-OFDM based waveform should be studied with high priority for mMTC multiple access due to its good CM/PAPR. However, we didn’t consider any filtering and windowing in the evaluation of CM. Therefore, if CM of PAPR-reduced OFDM is almost the same with that of DFT-s-OFDM, the PAPR-reduced OFDM should be also studied with high priority. Consequently, we propose the following.
Proposal 1:
· DFT-s-OFDM or PAPR-reduced OFDM should be studied with high priority taking into account mMTC use-case.

Code
With (DFT-s-)OFDM-based waveform, frequency domain and time domain resource can be exploited like LTE. In this case, two kinds of spreading method, i.e., modulation symbol level spreading and OFDM symbol/slot/subframe level spreading [2], can be assumed. Although they can be used for both OFDM and DFT-s-OFDM, we explain them by DFT-s-OFDM as below.
Modulation symbol level spreading
The block diagram of modulation symbol level spreading is illustrated in Fig. 1. In this figure, it is assumed that SF (spreading factor) = 4 and DFT-size, i.e., bandwidth, is 12-point. As shown in Fig. 1, the low rate time-domain modulated data symbols are spread with the high rate code before DFT. Then, DFT is applied for the spread chip sequence. The spectrum after DFT is mapped on designated subcarriers and IFFT is applied as SC-FDMA. Since the spreading is concluded within a DFT-s-OFDM symbol, the modulation symbol level spreading has tolerance to high velocity. However, the wider bandwidth are used, the more difficult to keep orthogonality between codes is. Moreover, if sparse code is applied for DFT-s-OFDM, zero-power chips are generated. This causes high PAPR/CM as we showed in Table 1.
Modulation symbol level spreading can be also applied for OFDM. In this case, if low SF is chosen, the modulated data symbols may not be spread into whole used subcarriers unlike DFT-s-OFDM. Therefore, modulation symbol level spreading has a good affinity with OFDM. Moreover, if sparse code is applied as SCMA [5] and PDMA [6], the number of subcarriers decreases. As a result, we can obtain less CM than original OFDM waveform as shown in Table 1.
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Fig. 1:  Explanation of modulation symbol level spreading
The BLER performance is shown in Fig. 3. Since DFT-s-OFDM does not have a good affinity with sparse code as shown in Table 1, we apply Walsh-Hadamard code as a spreading code for this evaluation. As an advanced receiver, we implemented iterative PIC. From the figure, we found that 4 UEs NOMA has better performance compared with OMA (SC-FDMA) due to large frequency diversity effect. On the other hand, the BLER of the 8 UEs case is slightly worse than that of 4 UEs case due to large amount of interference. Here, in the case of more than 4 UEs, the same code is shared with plural UEs.

[image: ]
Fig. 2:  BLER performance of modulation symbol level spreading over OMA

OFDM symbol/slot/subframe level spreading
The block diagram of OFDM symbol level spreading is illustrated in Fig. 3. The same parameter with modulation symbol level spreading is assumed. As shown in Fig. 3, first whole 12 modulation symbols are multiplied by a phase, e.g., c(0). Then, next 12 modulated data symbols are multiplied by another phase, e.g., c(1). In other words, the spreading is applied over plural DFT-s-OFDM symbols. Different from URLLC, mMTC has tolerance to latency. Therefore, it is possible that plural DFT-s-OFDM symbols can be included in a (sub)frame. Consequently, the spreading can be applied over the plural DFT-s-OFDM as shown in Fig. 3.
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Fig. 3:  Explanation of OFDM symbol level spreading

From above discussion, we can summarize the affinity between sparse code and spreading method as Table 2.
Table 2:  Affinity between sparse code and spreading method
	
	OFDM based
	DFT-s-OFDM based

	Modulation symbol level spreading
	Good
	Bad

	OFDM symbol level spreading
	Bad
	Bad



The BLER performance is shown in Fig. 4. From this figure, we can see that OFDM symbol level spreading outperforms modulation symbol level spreading since OFDM symbol level spreading can keep orthogonality of code compared with modulation symbol level spreading.
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Fig. 4:  BLER performance comparison between modulation symbol level and OFDM symbol level spreading

Observation 2:
· The BLER performance of OFDM symbol level spreading outperforms that of modulation symbol level spreading.

From Fig. 4, we think OFDM symbol level spreading should be studied with high priority. However, SF might be not enough considering UE speed and frame structure. In the case, base station cannot avoid introducing modulation symbol level spreading.
Proposal 2:
· OFDM symbol level spreading should have a priority to modulation symbol level spreading.
· If spreading factor is higher than the number of OFDM symbols, modulation symbol level spreading should be introduced.

Conclusion
In this contribution, we made the following observation and proposals:
Observation 1:
· CM of DFT-s-OFDM is quite smaller than that of OFDM. 
· Sparse code can slightly reduce the CM of OFDM while it increases the CM of DFT-s-OFDM.
Observation 2:
· The BLER performance of OFDM symbol level spreading outperforms that of modulation symbol level spreading.
Proposal 1:
· DFT-s-OFDM or PAPR-reduced OFDM should be studied with high priority taking into account mMTC use-case.
Proposal 2:
· OFDM symbol level spreading should have a priority to modulation symbol level spreading.
· If spreading factor is higher than the number of OFDM symbols, modulation symbol level spreading should be introduced.
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Annex
In this contribution, the following simulation parameters are assumed.
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform
	DFT-s-OFDM

	Channel coding
	Turbo code

	MCS
	QPSK, R = 1/3

	Numerology 
	Same as Release 13

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	4 RB (0.72 MHz) for NOMA
1 RB (0.18 MHz) for OMA (SC-FDMA)

	Overhead 
	2 DMRS symbols, no SRS

	BS antenna configuration 
	2 Rx (Uncorrelated)

	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 
	TDL-A w/ long delay, 3km/h 

	Spreading code
	Walsh-Hadamard code, SF = 2, 4

	Receiver
	Turbo soft interference cancellation (SIC) with 8 iterations [7]

	Channel estimation
	Ideal
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