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Discussion
At the Gothenburg meeting [1], RAN1 concluded that CP-OFDM without specified low-PAPR/CM should be supported for the NR uplink, at least up to 40 GHz. It was also, separately, concluded that additional low-PAPR/CM techniques, or PARP/CM reduction techniques, could be considered as an add-on to CP-OFDM.
There are two types of PAPR/CM-reduction techniques that can be added on top of OFDM.
· Receiver-transparent techniques applied to the transmitter side. Such techniques have no relation to any NR technical specification except that they must be applied in such a way that the transmitted signal would still satisfy any future transmitter-side requirements defined by RAN4.
· Non-receiver-transparent techniques. Such techniques have to be specified in detail within future NR specifications. The most obvious non-receiver-transparent PAPR/CM-reduction technique is DFT-precoding as used for the LTE uplink.     
DFT precoding in itself is not any major issue. However, to benefit from DFT precoding significant in terms of reduced PAPR/CM, restrictions in terms of multiplexing and scheduling have to be applied as is obvious from the LTE uplink. Thus, from this point-of-view, DFT precoding is not desirable and the use of receiver-transparent techniques is preferred. 
At the same time, it needs to be ensured that receiver-transparent techniques can deliver similar performance in terms of power-amplifier efficiency, without sacrificing system performance, including out-of-band emissions and achievable throughput, compared to DFT precoding. 
In [2] and [3] we investigated one example of receiver-transparent PAPR/CM-reduction technique, namely peak cancellation. It was found that with peak cancellation and the agreed power-amplifier model, the (LTE) out-of-band emission requirements as well as the (LTE) EVM requirements could be fulfilled. 
However, the resulting EVM from the non-ideal power amplifier in combination with peak cancellation is still larger than for DFTS-OFDM under the same conditions.
EVM is a measure of the error in the transmitted signal, an error that will impact the link performance. However, also DFTS-OFDM-specific has issues in terms of link performance. More specifically, DFTS suffers from ISI in case of frequency-selective channels. Thus must be taken into account in the overall evaluation and comparison in order to arrive at a fair comparison. 
In this paper we evaluate and compare the achievable user throughput as a function of SNR for DFTS-OFDM and OFDM with peak cancellation. The evaluations are carried out for the same scenarios as in [2] and [3]. The evaluations take into account the EVM from non-linear power amplifier and peak cancellation by adding corresponding AWGN at the transmitter side. A receiver-side linear equalizer is used to counter the DFTS-OFDM ISI introduced by the frequency selective channel. 
The results are illustrated in Figure 1 to Figure 4 for two different resource allocations, five resource blocks and 40 resource blocks respectively, and two different channels, TDL-A with delay spread of 100 ns and 1 s respectively.
As can be seen, despite the higher EVM, OFDM provides a throughput on par with, and in many cases better than DFTS-OFDM.
[image: ]Figure 1 Resource allocation: 5 RB, channel TDL-A with 100ns delay spread
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Figure 2 Resource allocation. 5 RB, channel TDL-A with 1 s delay spread
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Figure 3 Resource allocation: 40 RB, channel TDL-A with 100ns delay spread
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Figure 4 Resource allocation: 40 RB, channel TDL-A with 1 s delay spread

Conclusion
For the evaluated scenarios receiver-transparent PAPR/CM reduction techniques have performance (user throughput) on par with, or better than, DFTS-OFDM. From this we conclude that DFTS-OFDM is not required as a complementary technology on top of CP-OFDM for NR.
Proposal: The NR waveform is CP-OFDM to which receiver-transparent low-PAPR/CM techniques can be applied.
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Appendix: Simulation Assumptions
	Parameter
	Value

	Numerologies
	15 kHz, normal CP

	Resource block size
	12 subcarriers

	TTI length
	1 ms

	Channel estimation
	ideal

	Link adaption
	Based on ideal ACK/NACK

	Modulations scheme
	QPSK, 16QAM

	Channel codec
	LTE Turbo code

	Reference signal overhead
	LTE-DL DMRS

	Control channel overhead
	not included

	Channel model
	TDL-A with 100s and 1000ns RMS delay spread
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