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Introduction
During RAN1 #89, RAN1 captured the following agreements regarding phase tracking RS [1]

 Agreements:
· For SU-MIMO, support predefined and RRC-configured association between PTRS densities and scheduled MCS/BW
· FFS: RRC configuration can override the predefined association 
· Table 1 in R1-1709521 to represent association between PTRS time density and scheduled MCS
· Table 2 in R1-1709521 to represent association between PTRS frequency density and scheduled BW
· Note: The number of rows in Table 1 and 2 can be reduced if the densities are down-selected
· FFS: UE to suggest MCS/BW thresholds in Table 1 and 2
· FFS: complementary DCI signaling 
· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]
· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).
· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)
· FFS: frequency localized mapping
· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS
· For a UE, the configured PTRS ports are FDMed
· FFS: TDM
· Support association between one PTRS port and one DMRS port per DMRS port group
· FFS: Configurable or fixed association
· FFS: Signalling methods, e.g., RRC, MAC-CE, DCI
· FFS: Support association between one or multiple PTRS ports and multiple DMRS ports per DMRS port group
· Study the benefits of configuring the number of PTRS ports for a UE, based on UE capability or UE report on
· Panels/TXRUs sharing a common oscillator or not, and/or
· Maximum number of independent oscillators at this UE, and/or
· Whether phase errors measured on PTRS ports are same or different

Discussion on frequency-domain density of the PT-RS 
In this section, we present the PT-RS density in the frequency domain based on the simulation results. In previous meeting [1], it was agreed to support the frequency density of PT-RS with every 2nd RB, every 4th RB and every RB, every 8th RB and every 16th RB is FFS. According to the allocated PRBs, we investigate the BLER performance with various PT-RS density in the frequency domain. Figure 1 shows the BLER performances of which the allocated PRBs are 100PRB, 32PRB, 16PRB and 8PRB, respectively. In order to focus on the performance according to frequency-domain density, it is assumed that PT-RS is allocated in every OFDM symbol in time domain. 
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Figure 1 BLER performances for the number of scheduled PRBs
In cases of 100 PRB, 32PRB and 16 PRB, the BLER performance of the 1 PT-RS in each 4RB shows the better performance compared to the 1 PT-RS in each 1RB. These results represent that the excessive PT-RS density just decrease the effective code rate for data transmission. In other words, designing of PT-RS pattern in the frequency domain, the trade-off the phase estimation performance and the PT-RS overhead should be carefully taken into account. In the 8 PRB case, the BLER performance of the 1 PT-RS in each 1RB has the best performance. We can infer that the phase noise compensation is more important when the small PRB is allocated. However, in every our simulation results cases, 1 PT-RS in each 8th RB and 16th RB is do not optimal frequency-domain density. Considering the trade-off between the PT-RS overhead and performance, the proper number of subcarriers can be different to accurately estimate CPE according to allocated number of RBs from the results in Figure 1. From the efficient resource management perspective, therefore, it may be beneficial to configure PT-RS pattern in frequency domain, which depends on modulation scheme, scheduled bandwidth, subcarrier spacing, carrier frequency and so on.
Observation 1: Based on the allocated number of RBs, the PT-RS may have different optimal frequency-domain density.
Proposal 1: NR should support the frequency density of PT-RS with every RB.
Proposal 2: NR do not need to support the frequency density of PT-RS with 8th RB and 16th RB.

Conclusions
This contribution discusses DL PT-RS design. The observations and proposals are as follows:
Observation 1: Based on the allocated number of RBs, the PT-RS may have different optimal frequency-domain density.
Proposal 1: NR should support the frequency density of PT-RS with every RB.
Proposal 2: NR do not need to support the frequency density of PT-RS with 8th RB and 16th RB.
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