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Introduction
[bookmark: _Ref178064866]In RAN1#88, the following agreement was made:
· 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
In this contribution, we discuss different aspects related with the UL design of the Phase Tracking Reference Signal (PTRS), used to estimate, and compensate for phase noise related errors. First, the UL PTRS design for CP-OFDM is discussed. Finally, a discussion of PTRS design for DFT-S-OFDM is carried out.

Discussion
UL PTRS design for CP-OFDM
For mm-Wave frequencies, it is likely to have a better oscillator design (in terms of phase noise) for gNB than for UE, mainly because we can use a higher power consumption in the gNB. However, the differences in the quality of the oscillators between gNB and UE should not be big enough to influence a different PTRS design for DL and UL. Therefore, for CP-OFDM the design for PTRS in UL should follow the same basic principles than the PTRS design for DL presented in [1].
[bookmark: _Toc477949822][bookmark: _Toc477949843][bookmark: _Toc478050363][bookmark: _Toc478050403][bookmark: _Toc478050415][bookmark: _Toc478050442][bookmark: _Toc478052285][bookmark: _Toc478055856][bookmark: _Toc478116887][bookmark: _Toc478124240][bookmark: _Toc478129373]NR should have a symmetric PTRS structure for UL and DL for CP-OFDM.

UL PTRS design for DFT-S-OFDM
It has been agreed to consider PTRS for phase noise and frequency offset compensation for DFT-S-OFDM. However, the requirements of phase noise and frequency offset estimation are different. So frequency offset estimation could be better use a separate reference signal. The discussion on additional use of PTRS for other purposes will be discussed under the tracking agenda point [2] and not further discussed in this contribution which focus on phase noise issues.
Moreover, DFT-S-OFDM is targeted for low coverage scenarios, which usually refers to low SNR values and low order MCS. In [3] is shown that for low coverage scenarios and 30 GHz carrier frequency the impact of phase noise in the performance is very small. Therefore, in that scenario PTRS would not be needed if frequency offset estimation is performed with an independent reference signal. In conclusion, it is very important to study in which scenarios PTRS really offers an improvement in the performance. 
[bookmark: _Toc478050369][bookmark: _Toc478050409][bookmark: _Toc478050421][bookmark: _Toc478050445][bookmark: _Toc478052287][bookmark: _Toc478055858][bookmark: _Toc478116889][bookmark: _Toc478124241][bookmark: _Toc478129374]When using DFT-S-OFDM in low coverage scenarios, PTRS should only be scheduled when the phase noise degradation is significantly high, i.e., for very high carrier frequencies.
Two different PTRS design for DFT-S-OFDM have been proposed:
a) pre-DFT, in which there is time multiplexing between data and PTRS.
b) post-DFT with data puncturing.
c) post-DFT without data puncturing.
In Figure 1 the previous schemes have been plotted. The main advantage of the post-DFT scheme with data puncturing is that symmetry on the PTRS design for CP-OFDM and DFT-S-OFDM is kept. However, this option presents different disadvantages, as losing the DFT-S-OFDM single carrier property in UL (increasing PAPR and CM) or a performance degradation produced by data puncturing. With the post-DFT scheme without data puncturing we don’t have performance degradation due to data puncturing, however the single carrier property is also lost. With pre-DFT PTRS the PAPR an CM are not degraded. Moreover, with pre-DFT scheme we can compensate for CPE and ICI (because the phase estimation is done in the time domain) while in the post-DFT schemes only CPE can be compensated for.
[bookmark: _Toc477949783][bookmark: _Toc477949841][bookmark: _Toc478050359][bookmark: _Toc478050399][bookmark: _Toc478050411][bookmark: _Toc478050438][bookmark: _Toc478052281][bookmark: _Toc478055852]Pre-DFT insertion of PTRS allows CPE and ICI compensation, while post-DFT insertion only allows CPE compensation.
[bookmark: _Toc478050360][bookmark: _Toc478050400][bookmark: _Toc478050412][bookmark: _Toc478050439][bookmark: _Toc478052282][bookmark: _Toc478055853]Pre-DFT insertion of PTRS keeps the good PAPR and CM properties of DFT-S-OFDM.
[bookmark: _Toc477949784][bookmark: _Toc477949842][bookmark: _Toc478050361][bookmark: _Toc478050401][bookmark: _Toc478050413][bookmark: _Toc478050440][bookmark: _Toc478052283][bookmark: _Toc478055854]Post-DFT insertion of PTRS with or without puncturing degrades the PAPR and the CM.
[bookmark: _Toc478050362][bookmark: _Toc478050402][bookmark: _Toc478050414][bookmark: _Toc478050441][bookmark: _Toc478052284][bookmark: _Toc478055855]Post-DFT insertion of PTRS with data puncturing degrades the performance.
[bookmark: _Toc477949824][bookmark: _Toc477949845][bookmark: _Toc478050364][bookmark: _Toc478050404][bookmark: _Toc478050416][bookmark: _Toc478050443][bookmark: _Toc478052288][bookmark: _Toc478055859][bookmark: _Toc478116890][bookmark: _Toc478124242][bookmark: _Toc478129375]When PTRS is used with DFT-S-OFDM it should follow a pre-DFT scheme.

	[bookmark: _Toc477949825][bookmark: _Toc477949846][bookmark: _Toc478050365][bookmark: _Toc478050405][bookmark: _Toc478050417][image: ]a) pre-DFT scheme
	[bookmark: _Toc477949826][bookmark: _Toc477949847][bookmark: _Toc478050366][bookmark: _Toc478050406][bookmark: _Toc478050418][image: ]b) post-DFT scheme with data puncturing
	[bookmark: _Toc478050367][bookmark: _Toc478050407][bookmark: _Toc478050419][image: ]c) post-DFT scheme without data puncturing


[bookmark: _Ref477884801]Figure 1. post-DFT scheme vs pre-DFT schemes.






Conclusions
[bookmark: _GoBack]Based on the discussion in this contribution we propose the following:
Proposal 1	NR should have a symmetric PTRS structure for UL and DL for CP-OFDM.
Proposal 2	When using DFT-S-OFDM in low coverage scenarios, PTRS should only be scheduled when the phase noise degradation is significantly high, i.e., for very high carrier frequencies.
Proposal 3	When PTRS is used with DFT-S-OFDM it should follow a pre-DFT scheme.
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