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Introduction
 In RAN1#86, the following agreements were made [1]: 

	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 



Low PAPR transmission is thus further considered for the UL data channel, UL control channels/signals and special DL signals such as sync signals. In this contribution, we show the interest of having low PAPR DFT-s-OFDM transmission in complement to OFDM for below 40GHz. 

Discussion on advantages of DFT-s-OFDM
DFT-s-OFDM has been used as the uplink waveform in the LTE/LTE-Advanced. Thanks to DFT precoding, low PARR (similar to single carrier transmission) is restored, which is particularly interesting to improve the robustness to nonlinear distortions. 

Figure 1 shows the PAPR performance of DFT-s-OFDM with QPSK, 16QAM and 64QAM, and OFDM. It is clear that even with 64QAM, DFT-s-OFDM’s PAPR performance exhibits nearly 1dB lower than OFDM. DFT-s-OFDM has native low PAPR, lower than the PAPR reduction techniques applied on top of OFDM at practical back-offs, and avoiding the classical inconvenient of those techniques (transmission of side information, spectral efficiency penalty, adaptive signal processing or FER degradation).

Performance-wise, DFT-s-OFDM has similar or slightly better performance than OFDM with low order modulations (QPSK), and can be outperformed by OFDMA for higher order modulation in the presence of sufficiently strong channel coding [2][3][4]. Combined approaches taking jointly into account the necessary back-off in the presence of nonlinear HPA (directly linked to the PAPR performance) and the FER behaviour [2] have shown that DFT-s-OFDM has an important gain (of several dBs) over OFDMA in low SNR environments. 

Observation 1: The use of DFT-s-OFDM is beneficial in link budget limited scenarios.
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[bookmark: _Ref461547216]Figure 1 CCDF of PAPR

Need for supporting both OFDM and DFT-s-OFDM waveform for uplink below 40GHz
OFDM has already been agreed to be supported as a NR waveform in bands below 40GHz. Its flexibility for MIMO processing and the good performance in high SNR scenarios offer important advantages. Users with good link budget can implement OFDM with MIMO support to optimize their performance. 
Nevertheless, as discussed in the previous section, the use of DFT-s-OFDM offers advantages in several use cases.
One example is the case of link budget limited users, for example at cell border, in low SNR conditions and emitting at full power. The link budget does not allow these users to perform multi-layer MIMO transmission to improve the throughput; they are usually emitting at full power with low modulation orders. This is typically a configuration where DFT-s-OFDM allows improving performance and coverage [2], [4].
Another example is the case of UL control signals (not piggybacked on data). The overall coverage is given by the control coverage, and UL control coverage can become a bottleneck. Low PAPR waveform is beneficial for control signals.
Considering these various use cases, it is practical to support both OFDM and DFT-s-OFDM in the uplink. For UEs with tight link budget, low-PAPR waveform such as DFT-s-OFDM is ideal. For UEs located close to base stations, OFDM MIMO transmission may be used. 

Proposal 1: For UL transmission below 40GHz, support both OFDM and DFT-s-OFDM
 
Coexistence between OFDM and DFT-s-OFDM waveform in the UL
As seen in the previous section, support of DFT-s-OFDM in complement of OFDM for UL is beneficial. Coexistence between the two waveforms can be easily implemented. Having simultaneous UL access to the same carrier in either TDM or FDM manner between users using DFT-s-OFDM and OFDM (with the same or different numerologies) does not raise any specific issue with respect to the case of users using only OFDM (with the same or different numerologies). When needed, users with different UL waveforms can be FDMed for their UL access to the same carrier, irrespective of the used waveform, as long as restrictions related to mixed numerologies are observed. In higher bands, large band users will mostly be TDMed because of limitation of the number of panels at the TRP, so TDM waveform switching from a network point of view can be done in a trivial manner. An example is shown in Figure 2.
Observation 2: OFDM and DFT-s-OFDM can coexist in the UL in an easily implementable manner.
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[bookmark: _Ref463000329]Figure 2 An example of TDMed DFT-s-OFDM and OFDM

Conclusion
Based on the agreements made in RAN1#86 and observations made in this contribution, we propose to adopt both OFDM and SC-FDMA in the uplink for under 40GHz. 

Observation 1: The use of DFT-s-OFDM is beneficial in link budget limited scenarios.

[bookmark: _GoBack]Observation 2: OFDM and DFT-s-OFDM can coexist in the UL in an easily implementable manner.

Proposal 1: For UL transmission below 40GHz, support both OFDM and DFT-s-OFDM
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