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1. Introduction

In RAN1 NR Ad-Hoc meeting and RAN1#88 meeting, the following agreements on phase tracking RS have been achieved:
Agreements:
· 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 
Agreements:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.
· Whether PT-RS can be present or not depends on RRC configuration. 
· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS
· FFS: Time domain density is associated with dynamic configuration by MCS. 
· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.
· FFS: Frequency domain density is associated with dynamic configuration by MCS. 
· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.
· Other association factors/rules are not precluded.
· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different
This contribution provides our views on phase tracking RS design for NR UL MIMO.
2. Discussion
PT-RS is mainly used to track the phase variation incurred by phase noise. In the case of multiple phase noise sources, multiple PT-RS ports should be supported with at least one port associated with one phase noise source. Considering the UE cost, it is reasonable to assume that the antenna ports of all the panels at the UE side sharing a single oscillator, namely the single phase noise source. In addition, according to the agreements, the time/frequency domain density may be associated with MCS and/or BW, which provides flexible tracking accuracies and makes it no need to configure more than one PT-RS ports to track the single phase noise for UL. Therefore, a single PT-RS port would be sufficient for NR UL transmission.
Proposal:

· A single PT-RS port would be sufficient for NR UL transmission.
Phase noise compensation has been agreed to be considered for DFT-S-OFDM. Figure 1 shows the generation of DFT-S-OFDM waveform, where the UE data is spread into multiple subcarriers after DFT transformation. Then the sequential processing, i.e. subcarrier mapping (localized in LTE), IFFT and CP inserting, is similar to that of CP-OFDM waveform.
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Figure 1: DFT-S-OFDM generation
PT-RS could possibly be pre-DFT inserted (time domain insertion) or be post-DFT inserted (frequency domain insertion). The former case has a merit of maintaining the PAPR property. However, it results in PT-RS spread in the frequency domain and mixed with data in the same OFDM symbol. Thus, the channel estimation using DMRS and phase variation estimation using PT-RS have to be done in the frequency domain and in the time domain, respectively. This is different to that of CP-OFDM waveform, where both channel property and phase variation are estimated in the frequency domain. A unified PT-RS design for both CP-OFDM and DFT-S-OFDM waveforms is important to reduce receiver complexity. Therefore, we prefer to insert PT-RS after DFT, which results in FDM multiplexing between data and PT-RS. 
There are two issues to be considered for such post-DFT PT-RS insertion. The first one is that the inserting of PT-RS may destroy the single carrier property in UL, which will increase CM and PAPR. In [1], the PAPR increasing is proved to be less than 1 dB for QPSK. The second issue is how to map PT-RS to sub-carriers, where two alternatives can be considered as shown in Figure 2: 
Alt-1: rate matching
· The DFT size equals to the number of sub-carriers excluding PT-RS.
Alt-2: puncturing
· The sub-carriers where PT-RSs are mapped are punctured for data.
For low computation complexity, the DFT size is preferred to be integral multiple of 2, 3 and 5, which is fulfilled with 12 subcarriers specified in one PRB. However, for Alt-1, the DFT size would be decided by the PT-RS frequency density, which may cause higher computation complexity in some cases. Alt-2 doesn’t change the DFT size, but may cause performance loss. Since DFT-S-OFDM targets for link budget limited scenarios, where low MCS and narrow bandwidth are usually applied, the time/frequency density of PT-RS is relatively low and the puncturing impact may be limited. Further study is needed to evaluate the system performance.
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(a) Alt-1
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(b) Alt-2
Figure 2: Post-DFT insertion of PT-RS
Proposal:

· For DFT-S-OFDM waveform, post-DFT PT-RS insertion is preferred.
3. Conclusions

In this contribution, we provide our considerations on PT-RS design for UL. The PT-RS port number and the PT-RS pattern for DFT-S-OFDM waveform are discussed. We have the following proposals:
Proposals:

· A single PT-RS port would be sufficient for NR UL transmission.
· For DFT-S-OFDM waveform, post-DFT PT-RS insertion is preferred.
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