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1. Introduction
At the RAN1 #87 meeting, we have reached the following agreements [1]:
	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 open issue for PT-RS. 
2. Discussion on number of ports and applicability of DMRS
The PT-RS is used to compensate common phase error (CEP) of phase noise especially for higher carrier frequencies. One of discussion points is whether the part of DMRS (or the additional DMRS to be configured and used in addition to the basic DMRS) can be also used as PT-RS. It is desired that basic DMRS and additional DMRS can be also used as PT-RS for overhead reduction. We discuss how to use the additional DMRS as the PT-RS. In case of single layer transmission, the both basic and additional DMRS can be used as PT-RS. In case of multiple layer transmission, simple way is to directly use multiple DMRS ports as PT-RS ports, but large overhead will be occurred although it depends on the DMRS design. One candidate solution is that single PT-RS port can be assigned and estimated CPE can be applied to all DMRS ports for data demodulation since the same CPE is observed among DMRS ports. For example, a single PT-RS port which is the same as one of the DMRS ports is assigned. However, in case of higher Doppler frequency, since different Doppler offset is observed for different DMRS ports and Doppler offset and CPE can’t be distinguished, the same number of PT-RS ports and DMRS ports is necessary. In addition, when PT-RS ports and DMRS ports are the same (PT-RS can be treated as additional DMRS), PT-RS can also be used for data demodulation in addition to DMRS. 
Observation 1:
· It is desirable to use both basic DMRS and additional DMRS as PT-RS.
· In case of lower Doppler frequency, single PT-RS port which can be different from DMRS port(s) can be assigned. 
· In case of higher Doppler frequency, PT-RS ports and DMRS ports need to be the same. 
· Note that PT-RS can also be used for data demodulation. 
Proposal 1:
· Consider reusing additional DMRS for PT-RS.

3. Link-level evaluation
In this section, in order to see whether phase noise can be compensated or not by the additional DMRS for Doppler offset compensation, we provide initial link-level evaluation results. 
3.1. Simulation assumptions
Table 1 shows link-level simulation assumptions. Carrier frequency is 30 GHz and subcarrier spacing is 120 kHz. The data is assumed to be mapped 32 PRBs and 12 OFDM symbols, where each PRB is composed of 12 subcarriers. A phase noise model proposed in [2] from the RAN1#85 agreement is adopted. 
Table 1  Simulation assumptions
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Figure 1 shows the basic DMRS and additional DMRS mapping assumed in the evaluation. Basic DMRS is mapped on the 3rd and 4th symbol and additional DMRS is mapped on the 10th and 11th symbol, respectively. In this evaluation, MMSE filtering is applied.
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Fig. 1  Basic DMRS and additional DMRS mapping assumed in the evaluation.
3.2. Simulation results
Figures 2(a), (b), and (c) show the BLER performance with and without phase noise under different Doppler frequency. Modulation order is QPSK, 16QAM, and 64QAM in figure 2(a), (b), and (c), respectively. As for QPSK and 16QAM case (figures 2(a) and (b)), the influence of phase noise is negligible or small enough irrespective of the Doppler frequency while performance degradation due to Doppler frequency is observed. On the other hand, in case of 64QAM (figure 2(c)), in addition to performance degradation due to higher Doppler frequency, the influence of CPE is observed irrespective of the Doppler frequency. However, the degree of degradation due to phase noise is smaller compared with that due to the Doppler frequency. When UE speed is 30 km/h, required SNR for achieving the BLER = 10 % becomes about 1.7 dB larger due to CPE while required SNR becomes about 4.6 dB larger due to Doppler frequency compared with UE speed of 3 km/h. 
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(a) QPSK, R = 1/3
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(b) 16QAM, R = 1/2
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(c) 64QAM, R = 2/3
Fig. 2  BLER performance.
Observation 2:
· The influence of CPE is negligible or small enough in case of QPSK and 16QAM. 
· The influence of CPE is observed irrespective of Doppler frequency in higher order modulation case. 
· In case of higher Doppler frequency, the impact of Doppler frequency is larger compared with that of CPE. 

These preliminary evaluation results show that the additional DMRS can work as PT-RS and reduce degradation due to CPE to less than 2 dB under the evaluation assumptions used. Further study is needed whether the additional DMRS or new PT-RS is needed for phase tracking.  
Proposal 2:
· Further study is needed whether additional DMRS is sufficient for phase tracking. 

4. Summary
In this contribution, we have presented our views on RS for phase tracking, and then made the following observations and proposals. 
Observation 1:
· It is desirable to use both basic DMRS and additional DMRS as PT-RS.
· In case of lower Doppler frequency, single PT-RS port which can be different from DMRS port(s) can be assigned. 
· In case of higher Doppler frequency, PT-RS ports and DMRS ports need to be the same. 
· Note that PT-RS can also be used for data demodulation. 
Observation 2:
· The influence of CPE is negligible or small enough in case of QPSK and 16QAM. 
· The influence of CPE is observed irrespective of Doppler frequency in higher order modulation case. 
· In case of higher Doppler frequency, the impact of Doppler frequency is larger compared with that of CPE. 
Proposal 1:
· Consider reusing additional DMRS for PT-RS.
Proposal 2:
· Further study is needed whether additional DMRS is sufficient for phase tracking. 
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Carrier frequency  30 GHz

Subcarrier spacing 120 kHz

Number of TXRUs TRP =UE = 2

Transmission layer for data channel 2

Transmission Scheme

Between TXRUs: LTETM9 random precoding

Between antenna elements: DFT precoding

CSI feedback / Beam management 

scheme

Ideal beam selection

CW to layer mapping LTE CW to layer mapping

Data Allocation 32 RBs (First 2 OFDM symbols for PDCCH)

PRB bundling 1

Modulation order, Coding rate QPSK (R = 1/3),16QAM (R = 1/2), 64QAM (R = 2/3)

Channel coding scheme LTE turbocoding

UE speed 3km/h, 30km/h, 120km/h

Channel model CDL-C, DS = 100 ns

TRP antenna configuration

(M, N, P, Mg, Ng) = (4,8, 2, 1, 1); (dV, dH) = (0.5, 0.5) lambda 

with directional antenna element (HPBW = 65 deg. Directivity 

8dB)

UE antenna configuration

(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1); (dV, dH) = (0.5, 0.5) lambda 

with Omni-directional antenna element

Channel estimation Realistic channel estimation


