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1. Introduction
In the RAN1 NR Ad-Hoc meeting some agreements on RS for phase tracking for CP-OFDM waveform have been achieved as follows [1]:
· Regarding PT-RS for CP-OFDM, the following is supported
· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline
· Whether/how to share DL PT-RS among UEs is FFS
· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated
· Multiple PT-RS densities defined in time/frequency domain are supported
· UE can assume same precoding for a DM-RS port and a PT-RS port
· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS
· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource
· Study the following for PT-RS, taking overhead and forward compatibility into account
· Details on frequency domain patterns/densities
· How to indicate presence/patterns of PT-RS
· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category
· E.g., explicit indication by L1/L2/L3 signaling
· Port multiplexing methods
· E.g., non-orthogonal multiplexing within PT-RS ports and with data
· Using PT-RS for CFO/Doppler estimation
· QCL relationship between PT-RS and DM-RS
· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy
· Others are not precluded

Further, some agreements on the RS for phase tracking for DFT-s-OFDM waveform have been achieved as follows [1]:
· NR considers frequency offset and PN compensation for DFTsOFDM
· FFS the exact method (e.g. pre-DFT /post-DFT insertion of PT-RS, blind detection, DM-RS)
· Consider receiver complexity, PAPR, modulation order to be supported, etc 

In this contribution, we provide some discussion on the PT-RS for CP-OFDM and DFT-s-OFDM waveform including the resource mapping and precoder of PT-RS.
2. PT-RS for CP-OFDM Waveform
Time Domain Resource Mapping
In time domain, PT-RS can be mapped continuously (every symbol) or discontinuously (every other symbol). For discontinuous PT-RS mapping options, the phase compensation on the OFDM symbol without PT-RS should be defined. There can be three options below to determine the phase for the OFMD symbol(s) without PT-RS:
Option 1: the receiver does not compensate any phase shift for such symbol(s) and directly re-use the channel estimated from DMRS. Then the CPE and CFO impact would not be compensated.
Option 2: the receiver estimate the phase shift according to the phase shift between the symbol where there is PT-RS and the DMRS symbol. For example, the average phase shift between the consecutive two symbols can be calculated based on the PT-RS and DMRS. Then the CFO can be compensated but additional error could be observed due to phase noise.
Option 3: Use the phase estimated from the most recent PT-RS transmission. 
If the CFO and CPE impact is small, option 1 can be used. If the CFO takes the dominant part, option 2 can be used to compensate the CFO impact. If the CFO is small and the subcarrier spacing is large, the option 3 can be used as the phase noise can be correlated in a short time. Generally it could be more complex for the discontinuous PT-RS mapping compared to the continuous PT-RS mapping. From some previous simulation results in [2] – [5], better performance could be observed from continuous mapping compared to discontinuous mapping. Therefore, to simplify the control signalling, in time domain at least continuous time domain mapping should be supported. It can be studied whether discontinuous PT-RS resource mapping is necessary.
Proposal 1: in time domain, at least continuous PT-RS resource mapping should be supported, and it can be studied whether discontinuous PT-RS resource mapping is necessary.
Frequency Domain Resource Mapping
With regard to the frequency domain density of PT-RS, as the CPE is the same in every subcarriers within one OFDM symbol, one PT-RS RES per OFDM symbol theoretically can be sufficient for high SINRs. However, due to noise and ICI impact, more RES allocated to the PT-RS should be considered to improve the CPE estimation accuracy. If the PT-RS density is fixed to be x REs per RB, the number of PT-RS REs in one symbol depends on the allocated bandwidth. For example, if the PT-RS is fixed to be 0.25 REs per RB, when the number of allocated RBs for one user is relatively large, e.g. 32 RBs, the number of PT-RS REs in the one symbol is as 8 times as the case when the UE is allocated 4 RBs. Then the CPE compensation accuracy for 32RBs is better than 4RBs. Hence, the frequency density could be determined by the allocated bandwidth. Further, the CPE estimation accuracy also replies on the SINR. The SINR observed in PT-RS may be different from that observed in data if some PT-RS interference suppression operation is used, e.g. ZP PT-RS. Hence, it is not easy to determine the frequency domain densities simply by MCS or scheduling bandwidth. Some control signalling in DCI should be used to determine the density more flexibly. 
Proposal 2: in the frequency domain, the PT-RS density is indicated via DCI.  
Precoder of PT-RS
The phase shift caused by phase noise and CFO could be the same from different antenna elements in one antenna panel. To save PT-RS overhead, 1 antenna port per beam for PT-RS could be enough. In this case the following options for the PT-RS precoding can be considered:
Option 1: The PT-RS shares one AP of DMRS. The AP index for PT-RS could be one of the APs for DMRS.
Option 2: the PT-RS precoder is determined by the DMRS precoder. The precoder of PT-RS can be obtained by averaging the precoder of all layers of DMRS precoder.
Option 3: Independent rank-1 precoding for PT-RS. The PT-RS should be mapped to every symbols including the DMRS symbol.
For option 1, the TRP could select the strongest AP to transmit the PT-RS to get better phase tracking performance. For uplink, it is easy for the TRP to determine which AP is better. For downlink, if only one codeword is used for one beam, some additional signalling is needed to indicate the best AP index for PT-RS. Hence at least for uplink, the precoder of PT-RS should be the same as one AP of DMRS or the PT-RS and DMRS can share one AP, and the AP index of PT-RS can be configured via DCI. For option 2, no additional signalling or operation is needed, but the performance cannot be the best comparing to other options. For option 3, as best rank 1 precoder may not be any column in rank>1 precoder, independent precoder of PT-RS could help to achieve better performance. However the PT-RS should be mapped to DMRS symbol, which could result in additional overhead and may have some impact on the PAPR of DMRS.
Proposal 3: to save the overhead due PT-RS, one PT-RS antenna port per beam should be supported, and at least for uplink, it should be supported that the precoder of PT-RS and that of one AP of DMRS can be the same. 
Proposal 4: for DL, if the same precoder can be applied to PT-RS and one AP of DMRS, the feedback of best AP index associated with rank>1 CSI feedback should be considered. 
3. CFO and PN compensation for DFT-S-OFDM Waveform
The DFT-S-OFDM waveform has been agreed to be the complementary to CP-OFDM waveform. In [6], 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 in high modulation scheme. However, the DFT-S-OFDM waveform is targeting for the link budget limited case. So, in most of the cases, DFT-S-OFDM should be working in low or medium SINR scenarios. The medium SINR can be the case where there is no interference or the interference can be limited. 
In [7] 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, the CFO could have some impact on the performance and for medium SNR case the CFO or PN could cause some performance degradation. Therefore with regard to the CFO and PN impact, the PT-RS could be supported.
Proposal 5: for DFT-S-OFDM waveform, the PT-RS should be supported for the phase noise and frequency offset compensation and tracking. 
4. Conclusion
In this contribution, we provide some discussion on the reference signal for phase tracking, and the following observations and proposals have been achieved.
Proposal 1: in time domain, at least continuous PT-RS resource mapping should be supported, and it can be studied whether discontinuous PT-RS resource mapping is necessary.
Proposal 2: in the frequency domain, the PT-RS density is indicated via DCI.
Proposal 3: to save the overhead due PT-RS, one PT-RS antenna port per beam should be supported, and at least for uplink, it should be supported that the precoder of PT-RS and that of one AP of DMRS can be the same. 
Proposal 4: for DL, if the same precoder can be applied to PT-RS and one AP of DMRS, the feedback of best AP index associated with rank>1 CSI feedback should be considered. 
Proposal 5: for DFT-S-OFDM waveform, the PT-RS should be supported for the phase noise and frequency offset compensation and tracking. 
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