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1. Introduction
In the RAN1 #88bis meeting, the following working assumption on PT-RS for DFT-s-OFDM waveform has been agreed [1]:
Working assumption:
· Uplink PTRS for DFT-s-OFDM waveform is supported.
· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable
· FFS: Pattern/density of PTRS for DFT-s-OFDM is UE-specifically configurable or not

In this contribution, we provide some discussion on the PT-RS for DFT-s-OFDM waveform including the necessity, dynamic presence, signal pattern and some possible control signalling support.
2. Discussion
2.1 Necessity of PT-RS
The DFT-S-OFDM waveform has been agreed to be the complementary to CP-OFDM waveform. In [2], the time domain PT-RS and frequency domain PT-RS for the DFT-S-OFDM waveform has been discussed. Both time domain PT-RS and frequency domain PT-RS can help to track the phase shift, and some performance gain can be achieved with the help of PT-RS for high modulation scheme. However, since DFT-S-OFDM waveform is targeting for the link budget limited scenarios, in most of the cases, DFT-S-OFDM will be used for low or medium SINRs, where  the medium SINR can be the case when the interference is not high. For low SINR, it seems the PT-RS is not necessary since the modulation order is low, e.g. QPSK, where the phase shift impact resulting from phase noise and CFO is not significant; instead, for medium SINR, some medium or high modulation order is possible to be used, e.g. 16QAM, where some performance degradation may be observed due to phase noise and CFO.
[bookmark: _GoBack]In [3] some simulation results for DFT-s-OFDM waveform for medium and small SNR with CFO and PN are provided. It can be observed that for low SNR case, mainly CFO could have some impact on the performance. At the same time for medium SNR case both CFO or PN could cause to some performance degradation. Therefore, the PT-RS for DFT-S-OFDM should be supported for reduce performance impact due to CFO and PN.
Proposal 1: PT-RS for DFT-s-OFDM waveform should be supported to reduce impact from phase noise and frequency offset. 
2.2 PT-RS Pattern
There are two options for the PT-RS resource mapping: one is to map the PT-RS and data in TDM manner, then the PT-RS and data can be mapped before the DFT; the other is to map the PT-RS and data in FDM manner, then the PT-RS and data can be mapped after the DFT. Figure 1 illustrates the procedures of signal generation for pre-DFT and post-DFT PT-RS insertion.

 
Figure 1: PT-RS resource mapping scheme
For the pre-DFT based PT-RS insertion, it is assumed that the phase noise should have some correlation in time domain. Then if the subcarrier spacing is large, most likely the phase noise could have some correlation across several samples. The receiver should first do the MIMO equalization and then IDFT dispreading. Then the phase shift of data symbols can be estimated by the phase shift of the nearest PT-RS symbol. Therefore the phase shift for the consecutive X symbols are assumed to be the same, and X depends on the correlation of phase noise in time domain as shown in Figure 1. However, if the subcarrier spacing is small, e.g., 60 kHz, the duration of each time sample could be relatively large. Then the time domain density of PT-RS could be large, which may result in large overhead due PT-RS as the value of X can be small. 
On the other hand, for post-DFT, the receiver could first compensate the phase shift based on the channel estimated from PT-RS and DMRS, then then do the MIMO equalization and IDFT dispreading, which is similar to the phase compensation in CP-OFDM waveform. 
For DFT-s-OFDM waveform, the multiplexing of the PT-RS and data in frequency domain should be defined. There can be two option for the PT-RS resource mapping: one is to map the PT-RS at the continuous subcarriers next to the data; the other is to map the PT-RS at the edge subcarriers which are similar to simultaneous PUCCH and PUSCH transmission in LTE. Figure 2 illustrates the possible PT-RS resource mapping options for Post-DFT PT-RS insertion option.
Observation 1: Both pre-DFT and post-DFT based scheme can be used to compensate impact from the phase noise and carrier frequency offset, where the pre-DFT based scheme may require more overhead if the time domain correlation of phase noise is not high or the subcarrier spacing is small.



Figure 2: Resource mapping options for Post-DFT
Figure 3 illustrates the PAPR CCDF for the post-DFT schemes using continuous and discontinuous subcarrier mapping, which is collected from different resource allocation cases and the PT-RS is assumed to take 12 subcarriers in one symbol and be generated based on Zadoff-Chu (ZC) sequence. Detailed simulation assumptions can be found in the Appendix. It can be observed that the PAPR could increase around 0.3dB in the FDM manner compared to the case without PT-RS, and the PAPR of continuous subcarriers method is slightly lower than discontinuous subcarriers method. As the phase noise and CFO impact can be observed for high modulation scheme case, such as 16QAM and 64QAM, the coverage for that case would not be a critical issue. Therefore the post-DFT based scheme is worth to be considered as only small PAPR increase can be observed.
[image: ]
Figure 3: PAPR CCDF curves of different TRS patterns
Observation 2: PAPR for Post-DFT based PT-RS insertion can be about 0.3dB higher than without PT-RS, and the PAPR for continuous resource mapping scheme can be a little smaller than that for discontinuous resource mapping scheme.
Another option for post-DFT resource mapping is to re-use the PT-RS pattern which is the same as that CP-OFDM waveform so that the symmetric design could be used for both waveforms. There can be the following options for PT-RS resource mapping in DFT-s-OFDM waveform to keep symmetric design as CP-OFDM:
· Option 1: Puncture some REs for data and reserve them for PT-RS
· Option 2: reduce the number of DFT point and map the data to corresponding REs
Figure 4 illustrates one example for the two options. In option 1, the number of DFT point is not changed, but some performance degradation may be observed by puncture. In option 2, the number of DFT point should be reduced. Although there could be no performance degradation, it may have some impact on the implementation.


Figure 4: Two options to keep symmetric design of PT-RS for DFT-s-OFDM waveform and CP-OFDM
Observation 3: Symmetric design of PT-RS for DFT-s-OFDM and CP-OFDM is possible, but there may be some performance degradation or implementation impact.
Based on above observations, both the pre-DFT and post-DFT could have some pros and cons. Both approaches of PT-RS insertion could compensate the phase noise and CFO impact. Based on the link-level simulation results provided in [4] and Appendix significant performance gain can be achieved using pre-DFT and post-DFT based schemes. Therefore, at least one of the both scheme should be supported. 
Proposal 2: at least one of the following PT-RS transmission scheme should be supported: 
· Pre-DFT based PT-RS
· Post-DFT based PT-RS
2.3 Control Signalling of PT-RS
As discussed in [2], the phase noise and CFO impact for low modulation scheme, such as QPSK, is not significant, hence it is not necessary to use PT-RS for that low modulation scheme. Therefore, PT-RS for DFT-s-OFDM should be dynamically enabled or disabled. The dynamic presence of PT-RS should be UE specifically configured, which may rely on the UE’s MCS in uplink grant. For different cases, e.g. different phase noise level, CFO level, numerology and MCS, the best PT-RS density may be different. Therefore, if multiple PT-RS densities are supported, the indication of PT-RS density by DCI should be also considered.
Proposal 3: Dynamic presence of PT-RS should be UE specifically configured and the indication of PT-RS density by DCI should be considered if multiple PT-RS densities are supported.
3. Conclusion
In this contribution, we provide some discussion on the PT-RS for DFT-s-OFDM waveform, and the following observations and proposals have been achieved.
Observation 1: Both pre-DFT and post-DFT based scheme can be used to compensate impact from the phase noise and carrier frequency offset, where the pre-DFT based scheme may require more overhead if the time domain correlation of phase noise is not high or the subcarrier spacing is small.
Observation 2: PAPR for Post-DFT based PT-RS insertion can be about 0.3dB higher than without PT-RS, and the PAPR for continuous resource mapping scheme can be a little smaller than that for discontinuous resource mapping scheme.
Observation 3: Symmetric design of PT-RS for DFT-s-OFDM and CP-OFDM is possible, but there may be some performance degradation or implementation impact.
Proposal 1: PT-RS for DFT-s-OFDM waveform should be supported to reduce impact from phase noise and frequency offset. 
Proposal 2: at least one of the following PT-RS transmission scheme should be supported: 
· Pre-DFT based PT-RS
· Post-DFT based PT-RS
Proposal 3: Dynamic presence of PT-RS should be UE specifically configured and the indication of PT-RS density by DCI should be considered if multiple PT-RS densities are supported.
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Figure A-1:  LLS result for Post-DFT based PTRS in DFT-S-OFDM waveform
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Figure A-2: LLS result for Pre-DFT based PT-RS in DFT-S-OFDM waveform 
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