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Introduction
	As the phase noise impact becomes significant in high frequency, phase tracking RS has been agreed to be supported for both NR downlink and NR uplink in RAN1#86bis. Moreover considering NR uplink transmission, in addition to CP-OFDM, DFT-S-OFDM has become a complementary waveform with the agreement as:
Agreement:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
	
	In RAN1#87, the following agreements on phase tracking RS have been achieved:
Agreements:
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 
· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density
· Note: Other time-domain densities of PT-RS are not precluded
· At least for UL 
· The presence of PT-RS is UE-specifically configured
· FFS: Whether implicit and/or explicit UE-specific configuration is supported
· PT-RS is confined in the scheduled time/frequency duration for a UE
· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL
· 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
· FFS whether new RS is introduced or extended DMRS is used for phase tracking

This contribution provides our proposals on phase tracking RS design for NR uplink.
Discussion
As discussed in our companion contribution [1], there may be multiple oscillators used for downlink data transmission, which incur different phase noises for the antenna ports at the TRP side. Correspondingly multiple PTRS ports have to be configured for a UE. However, for uplink data receiving, these different phase noises make no impact on the data demodulation, since channel estimation and phase tracking are performed in each RX chain independently. In addition, 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. Therefore, a single PTRS port would be sufficient for NR UL transmission.
Observation:
· A single PTRS port would be sufficient for NR UL transmission.
As mentioned above, two waveforms are supported in NR UL. For the CP-OFDM waveform, a similar PTRS design as in DL is preferred. We mainly focus on the PTRS design for DFT-S-OFDM waveform below. The single carrier characteristic of DFT-S-OFDM waveform enables low CM and PAPR transmission. 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 waveform generation
According to the evaluation results in [2], the impact of the phase noise on DFT-S-OFDM waveform is comparable to the impact on CP-OFDM. Therefore, PTRS is also necessary for DFT-S-OFDM waveform. PTRS could possibly be mapped before DFT in the time domain or be mapped after DFT in the frequency domain. The former case results in PTRS spread in the frequency domain. If data is transmitted on the same symbol, data would be mixed with PTRS, which is a challenge for UE demodulation. Targeting a common framework between CP-OFDM and DFT-S-OFDM waveforms, mapping PTRS after DFT is preferred, which results in FDM multiplexing between data and PTRS. As an example, Figure 2 illustrates such PTRS transmission, where PTRS is mapped in the frequency domain. 
There are two issues to be considered for such PTRS mapping. The first one is that the inserting of PTRS may destroy the single carrier property in UL, which will increase CM and PAPR. Compared to DMRS and SRS, the PTRS density in the frequency domain is relatively low thus the PAPR impact may possibly be neglected, which needs to be proved by further evaluations. The second issue is how to map PTRS to sub-carriers, where two alternatives can be considered:
Alt-1: rate matching
· The DFT size equals to the number of sub-carriers excluding PTRS.
Alt-2: puncturing
· Those DFT outputs, which are mapped to the sub-carriers allocated for the PTRS, are punctured.
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 PTRS frequency density, which may cause higher computation complexity in some cases. Alt-2 doesn’t change the DFT size, but may cause performance loss. Similarly as above, it needs to further study the impact of data puncturing on the system performance.
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Figure 2: PTRS design for DFT-S-OFDM waveform
Proposal:
· For DFT-S-OFDM waveform, PTRS mapped in the frequency domain and FDMed with data is considered as an option.
Conclusions
	In this contribution, we present our views on PTRS design for NR UL transmission. Further, the PTRS transmission scheme for DFT-S-OFDM waveform is proposed with the aim of achieving a common framework between CP-OFDM and DFT-S-OFDM waveforms. We have the following observation and proposal:

Observation:
· A single PTRS port would be sufficient for NR UL transmission.
Proposal:
· For DFT-S-OFDM waveform, PTRS mapped in the frequency domain and FDMed with data is considered as an option.
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