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Introduction
The following agreements have been made on PTRS for CP-OFDM [1,2]:
Agreements:
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port and one DL DM-RS port in the DL DM-RS port group are associated for phase tracking, the association is determined in the specification
· FFS details for the association
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with:
· Alt 1: the lowest DL DM-RS port in the DL DM-RS port group.
· Alt 2: one DL DM-RS port in the DL DM-RS port group in a RB, where the one DL DM-RS port may vary across RBs
· Other alternatives are not precluded
· To conclude with one alternative next meeting
· FFS the case of two codewords

Agreements:
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS
· Down-selection among the following for CP-OFDM DL & UL for PTRS:
· Opt-1: a single association table pair per subcarrier spacing 
· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm
· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations
· Opt-4: a single association table pair per subcarrier spacing based on UE capability

Agreements:
· 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


In this contribution, we present our views on the associations between DL PT-RS ports and DL DM-RS ports. Specifically, in Section 2, we discuss the considerations to define DM-RS groups for phase tracking; in Section 3, we introduce our view on PT-RS port mapping in a DM-RS group.

Considerations on DM-RS port group for phase tracking
It has been agreed that one PT-RS port can be configured for a DM-RS group in the downlink. Obviously, all ports in the DM-RS port group for phase tracking are expected to experience the same phase error trajectory. Therefore, to begin with, all ports in a DM-RS port group for phase tracking should share a common oscillator at the UE side; and if the gNB phase noise is non-negligible, they should also share a common gNB oscillator. Furthermore, all ports falling in the same group for phase tracking should be QCLed with respects to Doppler spread and shift, as Doppler effects have a major impact on the trajectory of the phase. Based on the discussion above, the following observations can be made.
Observation 1: DM-RS ports associated with non-QCLed UE Rx beams w.r.t. Doppler spread or shift should belong to different DM-RS groups for phase tracking, and use different PT-RS ports.
Observation 2: If gNB phase noise is non-negligible, DM-RS ports from different TRPs should be labelled into different groups for phase tracking, and associated with different PT-RS ports. 
Observation 3: The H and V ports of the same beam in the polarization MIMO can share a common PT-RS port if they share the same oscillator at UE.
Views on PT-RS port mapping
Now we discuss PT-RS port mapping within a DM-RS port group for phase tracking. To begin with, at least for common phase error (CPE) correction, one PT-RS port per DM-RS group appears sufficient; as PT-RS is mainly configured in the high MCS scenario, and boosting SNR for the phase estimation would provide a minimal gain by combining signals from multiple PT-RS ports. Therefore, it would be beneficial to use the minimum number of PT-RS ports to reduce overhead.
Proposal 1: One PT-RS port per DM-RS port groups that share the same phase error is sufficient, at least for CPE correction.
Next, a good SNR in phase estimation can be achieved, if the PT-RS port is mapped to the strongest DM-RS port, e.g. in RSRP or CQI, in a group. In fact, such mapping can be achieved, for example, if  (i) gNB always orders the port numbers in a DM-RS group by their channel qualities; and (ii) the PT-RS port is associated to the lowest DM-RS port. The proposed scheme also works for the wideband precoding case; as gNB can always permutate the precoding matrices in all subbands, to guarantee that the lowest DM-RS port has the best channel condition over the scheduled bandwidth. Therefore, associating the PT-RS port with a fixed DM-RS port throughout the scheduled bandwidth is sufficient.
Proposal 2: Associate PT-RS port with the lowest port in a DMRS group; gNB strives to map the strongest DM-RS port with the lowest port number in the group.
Conclusion
Observation 1: DM-RS ports associated with non-QCLed UE Rx beams in Doppler spread or shift should belong to different DM-RS groups for phase tracking, and use different PT-RS ports.
Observation 2: If gNB phase noise is non-negligible, DM-RS ports from different TRPs should be labelled into different groups for phase tracking, and associated with different PT-RS ports. 
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