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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #87 the following agreements were made regarding phase tracking reference signal.
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

In this contribution, we provide our views on phase tracking reference signal and how this is related to DM-RS. 
Modelling of Phase Noise
[bookmark: _Ref378529477]For modelling the phase noise, we used the model as recommended in [1]. The single side band phase noise spectrum is as shown in Figure 1. Note that we consider only phase noise impact on receiver. 
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Figure 1  Single sideband phase noise spectrum

The simulation assumptions are shown in Table 1. 

Table 1 Detailed link level simulation assumptions 
	Assumptions 
	Value 

	Carrier frequency
	30GHz 

	Duplex 
	FDD

	TTI length 
	1 ms

	Subcarrier spacing 
	subcarrier spacing is 60 KHz

	FFT size 
	256 for 60 KHz spacing

	Data transmission bandwidth 
	48 subcarriers 

	Antenna  configuration
	1T1R 

	MCS 
	For link adaptation: QPSK, 16-QAM and 64-QAM are considered with variable code rate

	Control Overhead 
	Zero

	Channel estimation for CSI
	Ideal, Practical


	Channel estimation for Data
	Ideal

	Channel Model
	TDL-A with 30 ns




Figure 2 shows the spectral efficiency of 60 KHz subcarrier spacing carrier with perfect channel estimation for CSI and data detection.  From BLER, the spectral efficiency is computed based on the following formula
                                   Spectrum efficiency = TBS*(1-BLER)/(T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, BW is the actual bandwidth of target subband. 


[image: ]
Figure 2 Spectral efficiency of 60 KHz sub carrier spacing carrier with and without phase noise

Observation 1: The impact of phase noise on spectral efficiency with link adaptation is negligible 
Proposal 1:  To study the effect of phase noise, RAN1 needs to agree on prophase noise model.

Use of DM-RS for Phase tracking 
In our view, we can use DM-RS for tracking the phase as the UE needs to track when it is scheduled. Hence we recommend that use of single port with high density of DM-RS can be used for phase tracking. In addition, we recommend the network should have the flexibility to have switch on and off the phase tracking reference signal. Since RAN1 is discussing various configurations for DM-RS which can be configured dynamically, we expect coupling of DM-RS as part of phase tracking is beneficial. 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Proposal 2:  Single port DM-RS with high RE density can be used to track the phase.
Conclusions
In this contribution we analysed the performance with receiver phase noise.  We observed that
Observation 1: The impact of phase noise on spectral efficiency with link adaptation is negligible 

Based on our observations, we have the following proposal:
Proposal 1:  To study the effect of phase noise, RAN1 needs to agree on prophase noise model.
Proposal 2:  Single port DM-RS with high density can be used to track the phase. 
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