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Introduction
In RAN1#87 [1], it was decided that:
· The following are to be studied for PT-RS:
· Number of PT-RS ports to be supported
· Use of precoding 
· QCL relationship with other RS, e.g., DM-RS 
· Details on frequency domain pattern(s) and/or variable frequency domain densities
· Whether PT-RS is necessary for DFT-s-OFDM waveform
· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE
· Additional usage for estimating residual frequency offset and/or high-speed channel
· Possible method(s) to improve phase estimation performance from PT-RS
· E.g., using ZP/NZP PT-RS to reduce interference 
· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling
· Others are not precluded

[bookmark: _GoBack]In this contribution, we show the performance that can be achieved with PT-RS insertion for DFTsOFDM.

Discussion
It has already been decided that at least a front-loaded DM-RS is present for demodulation purposes. The common phase rotation introduced by the presence of the phase noise is partly compensated in the DM-RS based channel estimation process.
To further compensate phase noise effects, and especially to be able to track the phase noise changes, the receiver can rely on PT-RS, when configured. Since the performance gain brought by the presence of PT-RS is dependent on the modulation type (less gain for low order modulations) and resource allocation (less gain for narrowband allocations), the presence and density of PT-RS should be UE-specifically configured. There is a tradeoff between the FER gain brought by improved phase tracking on the PT-RS sequence and the spectral efficiency penalty brought by PT-RS insertion.
DFTsOFDM will be used as a complementary waveform in link budget limited scenarios, thus mostly with QPSK and 16QAM modulations. In Figure 1, it is shown that PT-RS insertion can bring around 1dB of SNR gain at FER target 10-1. In order to keep the low PAPR property of DFTsOFDM, PT-RS were inserted with the data at the DFT input.
Results in Figure 1 were obtained on a CDL-A 300ns channel and realistic channel estimation based on a full front-loaded DM-RS was performed before phase noise compensation. Phase tracking is performed at symbol level, assumed phase noise being the pole-zero model in [2] at Fc=30GHz. We considered the following numerology: BW=80MHz, Fs=122.88MHz, SCS = 120kHz, N_FFT=1024. Here, we used a Zadoff-Chu sequence as PT-RS.
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a) FER, PN model [2]
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b) Spectral efficiency, PN model [2] 
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c) FER, PN model [3]
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d) Spectral efficiency, PN model [3]


[bookmark: _Ref471310797]Figure 1 Phase noise compensation performance, DFTsOFDM 16QAM ½, 50RB




Conclusion
PT-RS insertion is beneficial for DFTsOFDM, bringing a gain of around 1dB with 16QAM ½ and 50 allocated RBs. In order to keep the low PAPR property of DFTsOFDM, PT-RS can be inserted with the data at the DFT input.
Proposal: Support UE-specifically configured PT-RS for DFTsOFDM.
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