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1. Introduction

As the phase noise impact becomes significant in high frequency, phase tracking RS has been agreed to be supported for both NR downlink and NR uplink in RAN1#86bis. In RAN1#88 meeting, the following agreements on phase tracking RS have been achieved:
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
This contribution provides our views on phase tracking RS design for NR DL MIMO.
2. Discussion
2.1. Time/frequency domain density

The presence/patterns of PT-RS has been agreed to be implicitly indicated in last meeting. According to the above agreements, if the PT-RS is RRC configured and present, the time domain density may be associated with MCS and the frequency domain density is associated with the scheduled BW and possibly with MCS. Since high order MCS is more sensitive to the phase noise impact, high PT-RS density should be configured to achieve better estimation performance. On the contrary, low order MCS is less sensitive to the phase noise, therefore low PT-RS density is preferred to minimize PT-RS overhead. In [1], it has been shown that in the time domain, every symbol density is required for high order MCS, while every fourth symbol density is sufficient for low order MCS. Thus the time domain density should at least be related to MCS. In the frequency domain, assuming the same BW, the phase noise incurred ICI impact is more severe to high order MCS than to low order MCS. Therefore, it would be beneficial to use high frequency density for high order MCS to deal with ICI. Although currently PT-RS mainly aims at CPE compensation, the ICI compensation may be required in the future. Considering forward compatibility, the PT-RS frequency domain density should also be associated with MCS.
Proposal:

· Time/frequency domain density is associated with dynamic configuration by MCS. 

2.2. PT-RS port number
Phase noise is mainly generated by the oscillator. In the case of single oscillator used in gNB, all the data stream experience the same phase noise. For SU-MIMO, one PT-RS port may be associated with one DMRS port, and the estimated phase variation could be shared by the other DMRS ports. For MU-MIMO, if PT-RS is precoded, the PT-RS transmitted to a dedicated UE may not be received by the other UEs located at different directions. On the other hand, if PT-RS is not precoded, a single PT-RS port may be shared by all the co-scheduled UEs with the benefits of reducing PT-RS overhead. However, the limited PT-RS coverage results in CPE estimation accuracy degradation. Therefore, to support MU-MIMO, multiple PT-RS ports are needed, whose number is related to the maximum co-scheduled UE number supported in NR.
If multiple oscillators are used in gNB, e.g. one oscillator per panel, the number of PT-RS ports has to be at least equal to the number of oscillators. For SU-MIMO, each PT-RS port is associated with one DMRS port within a DMRS port group, where all the DMRS ports within the group share the same phase noise source. For MU-MIMO, the required PT-RS port number is determined by both the number of phase noise sources and the number of co-scheduled UEs. In [2], we proposed the PT-RS transmission scheme considering multiple oscillators.
Proposals:

· In the case of single oscillator used in gNB, the number of PT-RS ports is related to the maximum co-scheduled UE number supported.
· FFS about considering multiple oscillators used in gNB.
2.3. Port multiplexing

PT-RS could be considered as an extension of DMRS, as the same precoder may be applied. Thus, in addition to CPE estimation, PT-RS could be beneficial to improve the channel estimation accuracy. With this in mind, we prefer that PT-RS ports should be orthogonal to each other and be orthogonal to data. The PT-RS ports could be TDMed or FDMed. For instance, in the case of every other symbol or every fourth symbol time domain density, 2 TDMed PT-RS ports or 4 TDMed PT-RS ports are supported in a subcarrier. In the case of every symbol time domain density, FDMed PT-RS ports are supported. Although the orthogonal method leads to larger PT-RS overhead compared with the non-orthogonal method, the overhead increasing is not critical due to the relatively lower time/frequency domain PT-RS density. 
Proposal:

· PT-RS ports should be orthogonal to each other and be orthogonal to data. 
3. Conclusions

In this contribution, we provide our considerations on PT-RS design for DL. The time/frequency domain density, port number and port multiplexing are discussed. We have the following proposals:
Proposals:

· Time/frequency domain density is associated with dynamic configuration by MCS. 
· In the case of single oscillator used in gNB, the number of PT-RS ports is related to the maximum co-scheduled UE number supported.

· FFS about considering multiple oscillators used in gNB.

· PT-RS ports should be orthogonal to each other and be orthogonal to data. 
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