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Introduction
In NR, as well as the spectral containment property of waveform [1]~[6], low PAPR is also import aspect of waveform. In RAN1 #86 meeting, the WFs [7][8] on low PAPR/CM techniques for NR uplink waveform were agreed as follows: 
	Agreement: 
· 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 
Agreement:
· 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) 



Based on these agreements, in this contribution, we provide performance comparison between DFT-s-OFDM and CP-OFDM and our company’s view. 
Discussion on DFT-s-OFDM and CP-OFDM
In general, CP-OFDM has many advantages in some aspects such as more flexible resource allocation and receiver complexity compared to DFT-s-OFDM. Especially, demodulation performance of high MCS is better than DFT-s-OFDM in frequency selective channel. Therefore, in order to achieve high spectral efficiency, CP-OFDM based waveform may be more desirable. 
On the other hand, low PAPR property of waveform is one of important factors since lower PAPR leads to high PA efficiency. DFT-s-OFDM has lower PAPR compared to CP-OFDM and so DFT-s-OFDM outperforms CP-OFDM in power limited situations. In other words, when UE uses low MCS in power limited situations, DFT-s-OFDM can provide link performance gain. Therefore, DFT-s-OFDM may be more reasonable for link budget limited scenarios.
In the following, we focus on simulation with low MCS in power limited situation with consideration of PA model. 
[bookmark: _Ref462667329]Simulation results
[bookmark: _GoBack]In this section, we provide evaluation results of DFT-s-OFDM and OFDM in terms of PAPR and BLER. Also, the proposed polynomial model in R1-166004 is used and details of simulation setup are summarized in Appendix.

1.1. PAPR Comparison
In Figure 1, we compare PAPR between OFDM and DFT-s-OFDM with QPSK modulations. At 1% PAPR level, DFT-s-OFDM has about 2 dB advantage of PAPR. At 0.1% PAPR level, DFT-s-OFDM provides 2.5 dB advantage gain of PAPR.
[image: ]
[bookmark: _Ref462667369][bookmark: _Ref462667361]Figure 1 PAPR comparison between CP-OFDM vs DFT-s-OFDM with QPSK

Based on this result, we make the following observation: 
Observation #1:  DFT-s-OFDM provides about 2.5 dB gain over CP-OFDM in terms of PAPR

1.2. BLER 
In this simulation, we set the following parameters associated with PA for CP-OFDM and DFT-s-OFDM: 
a. CP-OFDM 
a. @PA input : -3.75 dBm, @PA output : 23.30 dBm
b. ACLR : 30.19dBc

b. DFT-s-OFDM 
a. @PA input : -1.75 dBm, @25.35 dBm
b. ACLR : 30.57dBc
In order to fulfil ACLR requirement (i.e., 30 dBc), the input powers of -3.75 dBm and -1.75 dBm for CP-OFDM and DFT-s-OFDM respectively are assumed.
In the following subsection, SISO, SIMO(2x1) and SIMO(4x1) cases are compared with both ideal CE and realistic CE. 
1.2.1. SISO case
[image: ]
Figure 2 BLER comparison between CP-OFDM and DFT-s-OFDM for SISO(4PRBs)
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Figure 3 BLER comparison between CP-OFDM and DFT-s-OFDM for SISO(50PRBs)

Observation #2:  With same PA model, the performance gap between CP-OFDM and DFT-s-OFDM is within 0.5 dB for SISO case with 300ns and 1000ns at BLER 0.1. 
1.2.2. SIMO 2Rx- 1Tx
[image: ]
Figure 4 BLER comparison between CP-OFDM and DFT-s-OFDM for SIMO

[image: ]
Figure 5 BLER comparison between CP-OFDM and DFT-s-OFDM for SIMO

Observation #3:  With same PA model, the performance gap between CP-OFDM and DFT-s-OFDM is within 0.3 dB for SIMO 2x1 case with 300ns and 1000ns at BLER 0.1.


1.2.3. SIMO 4Rx – 1Tx
[image: ]
Figure 6 BLER comparison between CP-OFDM and DFT-s-OFDM for SIMO
[image: ]
Figure 7 BLER comparison between CP-OFDM and DFT-s-OFDM for SIMO


Observation #4:  With same PA model, the performance gap between CP-OFDM and DFT-s-OFDM is within 0.1 dB for SIMO 4x1 case with 300ns and 1000ns at BLER 0.1.

In figures from 2 to 7, simulation results show that OFDM provides small gain (0.1~0.5dB) for all considered cases. As the number of receiver antennas increases, performance degradation of DFT-s-OFDM almost becomes marginal. 
Based these observations, we make following observation and proposal:
Observation #5: With same PA model, DFT-s-OFDM provides 1.5~2 dB coverage benefit over CP-OFDM at low spectral efficiency.
Proposal #1: NR Uplink should at least support DFT-s-OFDM for link budget limited scenarios.

Conclusions
Based on the evaluation results, the following observations and proposal are given:
Observation #1:  DFT-s-OFDM provides about 2.5 dB gain over CP-OFDM in terms of PAPR
Observation #2:  With same PA model, the performance gap between CP-OFDM and DFT-s-OFDM is within 0.5 dB for SISO case with 300ns and 1000ns at BLER 0.1. 
Observation #3:  With same PA model, the performance gap between CP-OFDM and DFT-s-OFDM is within 0.3 dB for SIMO 2x1 case with 300ns and 1000ns at BLER 0.1. 
Observation #4:  With same PA model, the performance gap between CP-OFDM and DFT-s-OFDM is within 0.1 dB for SIMO 4x1 case with 300ns and 1000ns at BLER 0.1.
Observation #5: With same PA, DFT-s-OFDM provides 1.5~2 dB coverage benefit over CP-OFDM at low spectral efficiency.
Proposal #1: NR Uplink should at least support DFT-s-OFDM for link budget limited scenarios.
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Appendix
1.3. Simulation setup

	Assumptions
	Value

	Carrier frequency
	4 GHz

	System Bandwidth and FFT size
	10 MHz, 1024

	Subframe duration
	1 ms

	Subcarrier spacing
	15 kHz

	Guard time interval
	6.7% overhead

	Data transmission bandwidth
	4PRB, 50PRB

	Antenna configuration
	1T1R, 1T2R, 1T4R

	MCS
	QPSK 1/2

	Reference signal
	LTE uplink DMRS

	Channel estimation
	Ideal CE, realistic CE

	Channel Model
	TDL-C with 300 ns and 1000ns delay spread, 3km/h

	PA model
	the proposed polynomial model in R1-166004
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