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Introduction
In previous RAN1 NR Ad hoc and RAN1 #88b meetings, the following agreements are achieved. 
Agreements:
· 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
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


In this contribution, we further discuss phase tracking RS design issues.
PT-RS Design on CP-OFDM 
One of the major agreement for PTRS is that as a baseline, it would be confined within scheduled resource. Whether and how to share DL PTRS among UEs are FFS. Furthermore, UE can assume same precoding for a DMRS port and a PTRS port. 
In actual implementation, one of the main design option is to have a common RS for phase tracking. Typically, PTRS is due to frequency synthesis. Antennas on the same panel would have the same phase noise. Having a common RS for all or part of UEs would largely reduce the overhead. 
PTRS design should enable sharing among UEs. 
Sharing among UEs would thus require that PTRS should not only be confined within scheduled resources. One of the typical application scenarios is that when UE is scheduled with relatively few resources, if PTRS is only confined within scheduled resources, its frequency domain density need to be high to get relatively accurate estimate of phase offset. The overhead would be high. If UE could be configured to measure PTRS in bandwidth larger than scheduled, then the frequency domain density could be relatively low and overhead is well under control.
It should be possible for the UE to be configured with PTRS bandwidth larger than the data transmission bandwidth. PTRS frequency domain density should also be configurable.
One of the main problem is that if multiple UE share a common RS, precoding of the RS should be properly designed. Current agreement is that UE can assume same precoding for a DM-RS port and a PT-RS port. If a UE is always using the same precoding as its scheduled data, then PTRS sharing among UE is only possible under the case that multiple UE data are also precoded with the same matrix. With such assumption, UE could use DMRS to estimate phase noise. It is useful when PT-RS time domain density is relatively low. But for the case that PT-RS time domain density is high, such assumption is of no use. We propose to refine previous agreement of precoding assumption as following. 
PTRS ports can be configured whether to have the same precoding as DMRS ports. By default, UE would not assume such same precoding between PTRS and DMRS. 
From above discussion, there are both pros and cons for common and dedicated PTRS. The two kinds could be combined under the same framework. PTRS could be UE specifically configured through RRC and triggered through DCI but may still be possible to be measured cell specifically. With such design, gNB may not need to transmit PTRS when there is no data transmission and reduces interference and power consumption. When non-coherent transmissions are applied, it is still possible to configure multiple UEs with the same PTRS and reduces overhead. For cell edge UE with low SNR or when coherent transmission between panels are needed, UE could still be configured with specifically pre-coded PTRS.
PTRS is UE specifically configured and may still be measured cell specifically. 
When channel is involved in, there would be Doppler frequency offset. When PTRS is estimated, phase noise is always coupled with phase offset due to Doppler. For high speed scenario, this is beneficial since overhead would be reduced. However, PTRS should only be used to compensate for the Doppler offset of the DMRS with QCL relationship. For example, for non-coherent transmission from multiple TRPs, different DMRS would have different frequency offset. Typically, different PTRS are needed for different TRP. Obviously, Doppler offset and phase noise could only be compensated for those from the same TRP. QCL relationship between PTRS and DMRS should be established in order to facilitate such compensation. But the large scale parameters that could be assumed for QCL between PTRS and DMRS should be further studied.
PTRS could be used to compensate Doppler offset of the DMRS ports that are QCLed. It should be further studied which parameters could be assumed as QCL between PTRS and DMRS. 
PT-RS Design for DFT-s-OFDM
Current agreement states that for DFT-s-OFDM, it is necessary to consider frequency offset and PN compensation. In our understanding, DFT-s-OFDM would typically be used with low order modulation under coverage limited scenarios. For such scenarios, phase noise would not be the major limiting factor. However, it is currently not precluded that 16QAM is combined to be used with DFT-s-OFDM. There may still be performance loss if phase noise is compensated only with normal density DMRS. Pre-DFT insertion of PT-RS would suffer from ISI of normal UE data. Post DFT insertion of PT-RS would increase waveform PAPR and is not suitable for the scenarios where DFT-s-OFDM is applied. Thus, increasing time domain density of DMRS is the most suitable way to compensate frequency offset and phase noise.
DM-RS time domain densities could be increased for phase noise compensation for DFT-s-OFDM. 
Evaluation Results
We provide some initial evaluation results of PTRS with the simulation parameters defined in Section 6. The following phase noise spectrum is used.
[image: ]
With above samples, we have some initial simulation results.
[image: ]
It could be seen from above figure that PTRS is only needed for 64QAM. For QPSK and 16QAM, the performance loss is very little. For 64QAM, the performance loss is huge and UE/gNB could not effectively demodulate if phase noise is not compensated. If PTRS is inserted in a per symbol pattern, then the loss could be controlled within 1dB. We also simulated the case that PTRS is inserted every other symbol. It could be seen that the performance loss is also acceptable. For PTRS density with once every 4th symbol, there would be performance loss larger than 5dB. Based on these observations, we have the following proposal.
Time domain density of PTRS on every symbol and every the other symbol should be introduced.
Conclusions
Base on above discussions, we have the following proposals.
1. PTRS design should enable sharing among UEs. 
1. It should be possible for the UE to be configured with PTRS bandwidth larger than the data transmission bandwidth. PTRS frequency domain density should also be configurable. 
1. PTRS ports can be configured to have the same precoding as DMRS ports. By default, UE would not assume such same precoding between PTRS and DMRS. 
1. [bookmark: _GoBack]PTRS is UE specifically configured and may still be measured cell specifically.
1. PTRS could be used to compensate Doppler offset of the DMRS ports that are QCLed. It should be further studied which parameters could be assumed as QCL between PTRS and DMRS. 
1. DM-RS time domain densities could be increased for phase noise compensation for DFT-s-OFDM. 
1. Time domain density of PTRS on every symbol and every the other symbol should be introduced.
[bookmark: _In-sequence_SDU_delivery]Simulation Assumptions

	Parameter
	Value

	Channel Model
	CDL-A (DS 30ns)

	Carrier Freq.
	30GHz

	Numerology
	60 kHz

	Slot Config.
	14 symbols (Ctrl=2 Data=12)

	UE speed
	3km/h

	MCS
	QPSK-1/2，16QAM-2/3，64QAM-5/6

	TM
	Single port transmission

	Channel Estimator
	Ideal

	BS Antenna Config
	[4 8 2 1 1]

	UE Antenna Config
	[1 1 2 1 1]

	BS (UE) Phase Noise Model
	R1-164041
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