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Introduction
In RAN1#89 meeting, the following agreements on phase tracking RS have been achieved:
Agreements:
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density
· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group
· FFS: to support different subcarriers by complementary option  
· Support non-overlapping between PTRS and CSI-RS
· FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided
· Support non-overlapping between PTRS and SRS
· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided
· FFS: Support non-overlapping between PTRS and SS block
· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided

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

This contribution provides our views on phase tracking RS design for DL MIMO.
Discussion
Phase noise is mainly generated by the oscillator. For SU-MIMO, the required number of PT-RS ports is related to the oscillator number. If a single oscillator is used in gNB, in the case of single TRP transmission, all the data streams experience the same phase noise. Therefore, a single PT-RS port is adequate, which could be associated with one DMRS port. The estimated phase variation could be shared by the other DMRS ports. But in NR, multi-TRP transmission is supported, where the oscillators individually used in each TRP is uncorrelated. In this case, the number of PT-RS ports has to be at least equal to the number of oscillators. Each PT-RS port is associated with a group of DMRS ports, where all the DMRS ports within the group share the same phase noise source. Similarly, even for the single TRP transmission, there is possibility that multiple oscillators are used in one TRP with one oscillator per panel. In this way, it is reasonable to support multiple PT-RS ports in DL and the potential port number could be 4 considering the maximum number of panels at a TRP.
Proposal:
· For DL, multiple PT-RS ports should be supported.
According to the agreements in previous meetings, one PT-RS port is associated with a DMRS port group. Based on our understanding, one potential scheme is that the PT-RS port is applied same precoder as for one of the DMRS ports (associated DMRS port) within the port group, and then being mapped to one subcarrier carrying the DMRS port within a PRB. In [1], the associated DMRS port could be the strongest DMRS port, which is indicated with the additional signaling. In [2], the fixed association rule, where the associated DMRS port is the one with the smallest port number within the port group, is proposed to reduce the signaling overhead. But such association may suffer from poor PT-RS estimation performance if the associated DMRS port has low SNR. Another alternative is to define a port cycling rule, where the association of DMRS port to one PT-RS port is cycled within its DMRS port group in a PRB level. Namely for each PT-RS port, its associated DMRS port is different in different PRBs. As an example, in Figure 1, one PT-RS port is configured and associated with DMRS port#0 and DMRS port#1 in the first PRB and the second PRB, respectively. This alternative is beneficial to guarantee the robust PT-RS transmission.
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Figure 1: Port cycling scheme for PT-RS

Proposal:
· Associated DMRS port cycling scheme is supported for PT-RS transmission.
For MU-MIMO, it has been agreed that non-orthogonal multiplexing of e.g. PT-RS/PT-RS and PT-RS/data is possible but also orthogonal multiplexing to be considered. Since each UE may have dedicated PT-RS locations, which is determined by the scheduled bandwidth and the association between its PT-RS port and DMRS port, if orthogonal multiplexing is supported, the PT-RS overhead will be remarkable especially when large number of UEs are co-scheduled. In addition, ZP PT-RS (or certain similar RS) has to be used to guarantee orthogonal multiplexing. The indication of ZP PT-RS configurations will also increase the signaling overhead. As non-orthogonal multiplexing has been supported for MU-MIMO, there is no need to further support orthogonal multiplexing unless substantial performance gain is shown. 
Proposal:
· Orthogonal multiplexing of PT-RS is not supported for MU-MIMO.
It has been agreed that the RBs containing PT-RS can be derived from the scheduled RBs and the associated frequency density. Since the potential frequency density could be [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB], if the scheduled bandwidth for a UE are discontinuous, it is possible that there is no PT-RS allocated for certain band parts. Taking Figure 2 as an example, the scheduled bandwidth for a UE is divided into 4 discrete band parts. When every 4th RB frequency density is used, there will be no PT-RS in the second and third band parts. If these 4 band parts are distributed far from each other in the frequency domain, the frequency characteristics of the second and third band parts, which may be different from other band parts, will not be captured by PT-RS. The impact on the phase noise compensation performance due to the lack of certain frequency characteristics needs to be studied. If impact on performance cannot be ignored, how to map PT-RS on PRBs should be considered.
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Figure 2: PT-RS allocation in discontinuous RBs
Proposal:
· In the case of discontinuous scheduled bandwidth, how to map PT-RS on PRBs needs to be studied.
Conclusions
In this contribution, we provide our considerations on PT-RS design for DL. The PT-RS port number, the PT-RS association and allocation are discussed, respectively. We have the following proposals:

Proposals:
· For DL, multiple PT-RS ports should be supported.
· Associated DMRS port cycling scheme is supported for PT-RS transmission.
· Orthogonal multiplexing of PT-RS is not supported for MU-MIMO.
· In the case of discontinuous scheduled bandwidth, how to map PT-RS on PRBs needs to be studied.
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