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Introduction
During RAN1 #88, RAN1 captured the following agreements regarding phase tracking RS 
Agreements:
· Presence/pattern 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

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 
This contribution considers UL PT-RS. 
 
PT-RS for CP-OFDM 
When CP-OFDM is used, the same BLER performance is observed as DL according to conditions such as MCS level, the number of scheduled PRBs, subcarrier spacing, etc. Thus, same PT-RS configuration for time and frequency domain should be supported in UL. 
Proposal 1: For UL PT-RS for CP-OFDM, supports the same time/frequency configuration as DL.
PT-RS for DFT-s-OFDM 
2.1. Phase noise compensation
The DFT-s-OFDM waveform has been agreed to be the complementary to CP-OFDM waveform. It targets coverage-limited scenario with single transmission only, which means in most of cases, DFT-s-OFDM requires low level MCS, such as QPSK. From various evaluation results, PT-RS for phase noise compensation is unnecessary with low MCS level. 
Observation 1: PT-RS for phase noise compensation is unnecessary in DFT-s-OFDM 
2.1. Residual CFO / Doppler correction
Phase distortion can be introduced not only phase noise but also residual CFO and mobility. Figure 1 shows simple example on constellation when phase distortion happened. In Figure 1, QPSK modulation scheme and subcarrier spacing of 60kHz are assumed. The phase distortion normalized to subcarrier spacing assumed as 0.05. 



Figure 1. The constellation changes per symbol for data channel (Normalized CFO: 0.05)
As can be seen in Figure 1, constellation points rotate linearly due to residual CFO. Phase due to residual frequency offset gets accumulated from symbol to symbol and becomes a large phase after several DFT-s-OFDM symbols. Thus, at least one more UE-specific RS should be allocated to track phase rotation within a subframe. 
Observation 2: PT-RS can be used for CFO/Doppler correction in DFT-s-OFDM
In DFT-s-OFDM, PT-RS can be inserted pre-DFT or post-DFT. With post-DFT PT-RS insertion, PT-RS can be mapped into subcarriers where data is not transmitted, which means it cannot be sure for single-carrier transmission and low PAPR. It is the most important to use DFT-s-OFDM with low PAPR as it targets coverage-limited scenario. Therefore, pre-DFT PT-RS allocation is preferred to compensate residual CFO/Doppler effects.
Observation 3: Pre-DFT insertion of PT-RS is preferred to post-DFT insertion of PT-RS.
Conclusions
This contribution discusses on UL PTRS in CP-OFDM and DFT-s-OFDM. The observations and proposals are as follows:
Proposal 1: For UL PT-RS for CP-OFDM, supports the same time/frequency configuration as DL.
Observation 1: PT-RS for phase noise compensation is unnecessary in DFT-s-OFDM 
Observation 2: PTRS can be used for CFO/Doppler correction in DFT-s-OFDM
Observation 3: Pre-DFT insertion of PTRS is preferred to post-DFT insertion of PTRS.
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