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Introduction
In RAN1#86bis, it was agreed that NR is to support DFT-S-OFDM based waveforms in uplink as a complementary to CP-OFDM waveforms in the case of single-layer transmissions 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs
· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

In the agreement, RAN1 should target for a common framework in designing the two waveforms. In this contribution, we discuss phase tracking reference signals for CPE compensation in the context of a common framework.
Discussion
The reason for considering the DFT-S-OFDM waveform is clearly to obtain transmissions with low CM and PAPR for enabling higher operation efficiency of power amplifiers and by then achieve better coverage. From a reference signal design perspective, the DFT-S-OFDM waveform will indirectly impose similar constraints as in LTE on the RS resource mapping and the RS sequence design, in which uplink DM-RS and SRS are time-multiplexed with physical layer data channels and primarily constructed from Zadoff-Chu sequences. This TDM structure enables both low CM/PAPR and frequency domain channel estimation when transmissions refer to the DFT-S-OFDM waveform.
Observation 1: A TDM structure between UL DM-RS and physical channels in a common framework in designing DFT-S-OFDM and CP-OFDM enables low CM/PAPR and frequency domain equalization
In millimeter wave deployments where phase noise may degrade the performance significantly, a phase tracking reference signal (PTRS) transmitted frequently in time on a set of subcarriers could be used for CPE compensation. Transmission of such reference signals would, however, imply that it will be difficult to avoid FDM with physical layer channels. The PTRS can be mapped directly on the OFDM time-frequency grid as illustrated on the left hand side of Figure 1 and the phase tracking can readily be done in the frequency domain. In the case of DFT-S-OFDM, this way of mapping PTRS may negatively impact the CM and PAPR so to preserve low CM/PAPR one may alternatively time-multiplex the PTRS with data pre-DFT-spreading as illustrated on the right hand side of Figure 1. However, this alternative implies that time domain operations would be needed for the phase tracking.
Observation 2: To preserve CM/PAPR properties of DFT-S-OFDM, phase tracking for CPE compensation may impose different receiver implementations for DFT-S-OFDM and CP-OFDM
The impact of phase noise is typically visible in good radio conditions and since the use case of DFT-S-OFDM in NR is for link budget limited scenarios CPE compensation might not be a need [2].
Observation 3: DFT-S-OFDM in NR is targeting low SINR cases in which CPE compensation is likely not needed
Based on the above observations, we make the following proposal:
Proposal 1: Consider to preclude a phase tracking reference signal in the DFT-S-OFDM waveform
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[bookmark: _Ref465855006]Figure 1 Illustration of two ways of mapping phase tracking RS (PTRS) on the resource grid

Conclusion
In this contribution, phase tracking reference signals for CPE compensation was discussed the context of a common framework in designing DFT-S-OFDM and CP-OFDM. The following observations and proposal were made:
Observation 1: A TDM structure between UL DM-RS and physical channels in a common framework in designing DFT-S-OFDM and CP-OFDM enables low CM/PAPR and frequency domain equalization
Observation 2: To preserve CM/PAPR properties of DFT-S-OFDM, phase tracking for CPE compensation may impose different receiver implementations for DFT-S-OFDM and CP-OFDM
Observation 3: DFT-S-OFDM in NR is targeting low SINR cases in which CPE compensation is likely not needed
Proposal 1: Consider to preclude a phase tracking reference signal in the DFT-S-OFDM waveform
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