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Introduction 
CP-OFDM and its variants such as windowed/filtered-OFDM etc. are considered to be the candidates for NR waveform as agreed in RAN1#85 [1]. However, the use of CP-OFDM as an UL transmission scheme comes with the inherent problem of high PAPR. In [2], we discussed the drawback of high PAPR/CM in UL and showed that it can be reduced by using PAPR/CM reduction techniques. The simulations in [2] disregarded the PA non-linearity and claimed that the similar PAPR/CM could be achieved as that of DFTS-OFDM by employing PAPR/CM reduction techniques such as clipping, companding or peak-cancellation etc. At the same time, it was shown that for the given scenarios, RAN4 requirements on EVM, in-band emissions and ACLR were fulfilled.

In [3], a realistic PA model was agreed in RAN4 to be used for the initial evaluations of NR waveform below 6GHz. This paper shows the updated results using the non-linear PA model for coverage-limited scenario as discussed in [2].

Discussion on Simulation Results
This section shows the results for coverage-limited scenario i.e. UE operating on the occupied transmission bandwidth of 5RBs using QPSK modulation. For simulations, the channel bandwidth of 20MHz is chosen with FFT size of 2048. Furthermore, we consider the UE transmission power of 23dBm and the post-PA losses of 4dB. 
As we have proposed in [2] that any PAPR/CM reduction technique that has no TX-RX dependency can be used and is an implementation choice, therefore, we show here the results using peak-cancellation to compliment the earlier shown results using companding as PAPR/CM reduction technique [2].
It has been observed that the use of CP-OFDM (incorporating non-linear PA model) results in the mean EVM over all the allocated RBs of around 18.7% which is higher than the maximum tolerable limit of 17.5% for QPSK modulation [4] as defined by 3GPP. Furthermore, simulation results show that by using techniques such as peak-cancellation, PAPR/CM can be reduced so that the overall EVM of the signal decreases to 15.9%, hence fulfilling the RAN4 LTE requirements of QPSK. Similarly, Figure 1 shows the gains in ACLR by employing peak cancellation as the PAPR/CM reduction technique. In-band emissions on non-allocated RBs are shown in Figure 2. 
It is to be noted that the PAPR/CM is just a measurement metric for the required power reduction of the PA to fulfil the 3GPP RAN4 requirements. Therefore, in this contribution we do not focus on the absolute value achieved for PAPR/CM of the signal but rather on the gains in terms of EVM and ACLR.
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Figure 1: Out-of-band emissions using CP-OFDM (Number of allocated RBs = 5)
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Figure 2: In-band emissions for non-allocated RBs using CP-OFDM (Number of allocated RBs = 5)


Observation 1: PAPR/CM can be reduced for CP-OFDM by employing relatively low complexity technique such as peak cancellation, clipping or companding etc. 
Observation 2: Low complexity transparent PAPR/CM reduction techniques can reduce the PAPR/CM such that the RAN4 requirements on EVM, in-band emissions andACLR are fulfilled. 
Conclusions 
From the above discussion, we can conclude that the drawbacks with high PAPR/CM using CP-OFDM as UL transmission scheme especially in coverage limited scenario (narrowband allocation and QPSK modulation) can be handled by employing a simple PAPR/CM mitigation technique. That together with the OFDM link-level performance advantages over DFTS-OFDM [5], greater scheduling flexibility, and the overall advantages of having the same transmission scheme for all kind of communication links in NR makes us to propose using OFDM in all communication links in NR.
Proposal 1: Select CP-OFDM as the transmission scheme for NR UE transmissions using some transparent PAPR/CM reduction technique.
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