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1 Introduction

At RAN #71 [1], a new study item named New Radio (NR) Access Technology was approved to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), Ultra-Reliable and Low Latency Communications (URLLC), and additional requirements defined during the RAN requirements study [2]. 
In last RAN1#86 [3], study of low PAPR/CM waveforms were agreed for uplink scenarios as follows.

	Agreements: 

· At least up to 40 GHz for eMBB and URLLC services, 

· CP-OFDM without specified low-PAPR/CM technique(s) is recommended to be supported for uplink

· For data transmission, additional low-PAPR/CM technique(s) is only considered for uplink from RAN1 specification perspective

· Additional low-PAPR/CM technique(s) for special downlink signals such as sync signals is FFS

· Additional low-PAPR/CM technique(s) for other uplink signals/channels is FFS

· Additional low PAPR/CM technique(s), if specified, and CP-OFDM without specified low-PAPR/CM technique(s) for uplink are considered as complementary to each other


	Agreements: 

· NR uplink should target at least the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations (e.g., same carrier frequency)

· Details FFS

· Techniques can be evaluated for the uplink scenarios

· E.g., low PAPR/CM techniques (including DFT-s-OFDM) 


In this contribution, we provide evaluation results of low PAPR waveforms for uplink scenarios.
2 Evaluation Results 
For the evaluation, the following low PAPR waveforms are taken into account:
  - OFDM (comparison purpose)

- DFT-s-OFDM 

- DFT-s-OFDM with spectrum shaping using excess bandwidth (e.g., root-raised cosine)

For the spectrum shaping, we use RRC (root-raised cosine) shaping and shaping coefficient1 as shown in Figure 1. As discussed in [4], spectrum shaping can be beneficial in terms of PAPR reduction. 
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Figure 1. Spectrum Shaping Coefficients
It is assumed that UEs use low MCS level (e.g., QPSK) and less number of RBs (e.g., 4 RBs). Other evaluation parameters are given in Table 1.
Table 1. Evaluation Parameters
	Channel Bandwidth
	10MHz

	FFT size
	1024

	Allocated RB
	4RB (48subcarriers)

	MCS
	QPSK 1/2

	Subcarrier Spacing
	15kHz


For the fair performance comparison among the low PAPR waveforms, we apply the same post-PA ACLR requirement, i.e., ACLR 30dB which is the same requirement as that of LTE uplink. Since each waveform has different PAPR characteristics, its post-PA spectrum re-growth is also different with each other. This means that each waveform has different post-PA ACLR each other. To calculate ACLR, we use 60kHz of guard-band between desired channel and adjacent channel as shown in Figure 2.
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Figure 2. ACLR Calculation
Once we use the same restriction on the post-PA ACLR for the different waveforms, its required output back-off to attain 30dB post-PA ACLR is also not the same among different the waveforms. So, we evaluate the required output back-off with the agreed polynomial PA model which is shown in [5] for uplink.
Table 1 shows differences of PA output back-off relative to that of DFT-s-OFDM to attain 30dB ACLR. 
Table 2. PA output back-off differences

	Waveform
	Power Output Backoff (dB) 

relative to DFT-s-OFDM to attain 30dB ACLR

	DFT-s-OFDM
	0

	OFDM
	3.4

	DFT-s-OFDM w/ RRC shaping (Excess BW = 8%)
	0

	DFT-s-OFDM w/ shaping coeff1 (Excess BW = 8%)
	-1.1


With the output back-off difference, we define “SNR with offset” in the BLER versus SNR plot. Taking into account different Tx power limitation due to post-PA ACLR requirements, we convert the relative back-off amount to the SNR offset in the BLER versus SNR plot.
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Figure 3. BLER performance of low PAPR waveforms
As shown in Figure 3, DFT-s-OFDM can obtain about 2~2.5dB SNR gain compared to OFDM. DFT-s-OFDM with RRC spectrum shaping can provide similar BLER performance to DFT-s-OFDM. DFT-s-OFDM with shaping coefficient1 can achieve about 3dB SNR more gain than OFDM. This SNR gain can be translated to cell radius extension with the assumption of the typical path loss exponent 2 (LoS) and 3.5(NLoS). For example, 2dB SNR gain implies that cell radius can be extended by 26% (LoS) and 13%(NLoS), respectively. So, if DFT-s-OFDM with spectrum shaping is adopted, cell radius can be extended by 41%(LoS) and 22%(NLoS), respectively.
Observation 1:.DFT-s-OFDM with spectrum shaping can provide better coverage performance than OFDM.

Proposal 1: NR should support DFT-s-OFDM with spectrum shaping for uplink coverage limited scenarios.

3 Conclusions

Throughout this contribution, our observation and proposal are as follows:
Observation 1:. DFT-s-OFDM with spectrum shaping can provide better coverage performance than OFDM.  
Proposal 1: NR should support DFT-s-OFDM with spectrum shaping for uplink coverage limited scenarios.
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