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

Agreements:
· For CP-OFDM,
· For SU-MIMO, dynamic presence of PTRS is determined by allocated MCS, BW, and subcarrier spacing
· FFS: For MU-MIMO case
· For SU-MIMO, time pattern of PTRS is determined by allocated MCS, and subcarrier spacing
· FFS: For MU-MIMO case

Design aspect of the PT-RS 
2.1 Number of PT-RS ports
In downlink, the link between gNB and UE can be assumed that there is only single transmitter from the UE perspective. In case all antennas at gNB share the same oscillator, the phase noise over all of antennas are common. Since the CPE term can be represented as common phase to all of antennas, it is enough to transmit the PT-RS on a single antenna port to reduce RS overhead. The number of PT-RS ports depends on the number of oscillators at gNB. 
Proposal 1: The number of DL PT-RS ports depends on the number of oscillators at gNB.

 2.2 PT-RS pattern in time/frequency domain
The PT-RS density in the frequency domain can be adjustable as one sub carrier per PRB, one sub carrier per multiple PRBs or even multiple sub carriers per PRBs. PT-RS should be allocated on certain subcarrier in specific PRB index, which can be defined in specification according to frequency density configuration. It is similar to DMRS allocation in LTE where DMRS position is always fixed per PRB. Pre-defined PT-RS allocation according to frequency configuration also can be beneficial for the gNBs in the JT-COMP. 
Proposal 2: NR supports pre-defined PT-RS allocation.
In multi-TRP scenario, two TRP can be scheduled with different resource allocation. There are 3 cases about resource allocation. First case is full overlap resource allocation between TRP1 and TRP2. Second case is partial overlap resource allocation between TRP1 and TRP2. Third case is non-overlap between TRP1 and TRP2. According to the resource allocation case, PT-RS configuration should be different. For example, in the partial overlap case as shown Figure 1, the resource of TRP1 is scheduled from RB1 to RB13 and the resource of TRP2 is scheduled from RB4 to RB13. TRP1 and TRP2 use the PT-RS port1 and port2, respectively. If there is no information exchange between TRP1 and TRP2, each TRP can not obtain the orthogonality between PT-RS/PTRS, PTRS/data. For example, TRP1 may empty RE of PT-RS port2 in from RB1, RB3,…,RB12 in figure 1. However, PT-RS port2 does not actually exist in these RBs. Therefore, in the multi-TRP scenario, the PT-RS information should be exchanged between TRPs. By using the PT-RS information exchange, each TRP can allocate the ZP-PTRS in order to obtain the orthogonality of PT-RS between TRP1 and TRP2 as shown Figure 2.
Proposal 3 : For multi-TRP scenario, NR should support information of PT-RS allocation exchange between TRPs. For orthogonal multiplexing, ZP PT-RS should be supported by using the information of PT-RS allocation.
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Figure 1 Example on partial overlap resource allocation in multi-TRP scenario
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Figure 2 Example on PT-RS configuration in multi-TRP scenario

Basically, the exchange of information needs a good backhaul with low latency. However, if the backhaul is non-ideal and the latency is large, PT-RS information exchange between TRPs might not be feasible since the exchanged information can be easily outdated. If without PT-RS information exchange, the fall-back mode ZP-PTRS configuration should be considered. As shown in Figure 3, TRP1 needs to configure ZP-PTRS in PRB2 as well because it doesn’t know if this PRB is allocated to TRP2 or not. Similarly, TRP2 needs to configure ZP-PTRS in PRB3.
Proposal 4 : For multi-TRP scenario, NR should  support fall-back mode ZP-PTRS configuration according to backhaul link performance.
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Figure 3 Example on fall-back mode ZP PTRS configuration in multi-TRP scenario


2.3 Multiplexing between PT-RS and data 


Figure 4 Example on multiplexing between PT-RS and data
Within the multi-layers of a MU-MIMO set there can be lower order MCS users who do not benefit from PT-RS and higher order MCS users who need PT-RS. Generally higher order MCS are allocated when UEs are closer to the gNB and lower MCS allocated when they are towards the cell/ sector edge. At this moment, gNB can transmit data or allocate empty signal on subcarrier where PT-RS is transmitted to UE who need PT-RS. Thus, PT-RS space can be used as follows: 
· Option. 1: Leave the PT-RS space blank
· Option. 2: Fill the PT-RS space with data
In Option 1, UE who need PT-RS can estimate CPE correctly thanks to empty space to UE who need data transmission (i.e. lower order MCS UE who does not need PT-RS). However, effective code rate will be decreased due to punctured data to UE who needs data transmission. In Option 2, at cost of estimating CPE for UE who needs PT-RS, data can be transmitted to UE who needs data transmission. Basically, the PT-RS positions can either be kept vacant, hence orthogonal multiplexing of PT-RS and data and ZP PT-RS are needed or if a particular user does not need PT-RS, the RS can be filled with data and therefore non-orthogonal multiplexing is also needed. Considering trade-off between decreasing effective code rate and the performance of CPE estimation for MU-MIMO, allocation PT-RS and data on same subcarrier should be further studied. 
Proposal 5 : For MU-MIMO, both non-orthogonal multiplexing/orthogonal multiplexing between PT-RS and data should be supported. For orthogonal multiplexing, ZP PT-RS should be supported.
2.4 Relationship between PT-RS port and DMRS port group
In previous meeting, it was agreed to support association between one PTRS port and one DMRS port per DMRS port group. The DMRS ports within a DMRS port group can be transmitted with single oscillator. In this case, only 1 PT-RS port is needed since every DMRS port has a same phase noise source. However, if multiple DMRS ports are transmitted from multiple oscillators, it requires association between DMRS ports and PT-RS ports sharing the same oscillator. For the port mapping method between PT-RS port and DMRS port group, the QCL relationship between PT-RS port and DMRS group can be used, which is similar to the QCL relationship between CSI-RS group and DMRS port in LTE. In LTE, using the 4 parameter sets by higher layer signalling and PQI (PDSCH RE Mapping and Quasi-Co-Location indicator), the QCL relationship can be determined. Similarly, in order to indicate the QCL relationship between the PT-RS and DMRS group, parameter sets can be pre-defined by the higher layer signalling. 
Proposal 6: NR should inform UE the QCL relationship between PT-RS and DMRS port group by higher layer signalling with parameter sets which configures QCL association between PT-RS and DMRS port group.
In the multi-TRP transmission scenario, the relationship between the DMRS port group and PT-RS port can be changed according to the transmission schemes such as DPS (Dynamic Point Selection), JT (Joint Transmission). As shown Figure 4, the JT may need to allocate more PT-RS ports compared to the DPS due to a larger number of phase noise sources, i.e., more oscillators. Therefore, the UE has to know the relationship between the DMRS port group and PT-RS port in order to compensate the phase distortion from a certain TRP. The DMRS group can be allocated to each TRP and the higher layer signalling which includes QCL relationship between the DMRS group and PT-RS port can be used for association since the several large scale parameters of DMRS port group and PT-RS port may have the similar property such as Doppler shift, delay spread if they share same oscillator in the TRP. 
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Figure 4 Example on PT-RS and DMRS configuration in the Multi-TRP transmission schemes

Proposal 7: Association between one PTRS port and one DMRS port per DMRS port group should be configurable.
Conclusions
This contribution discusses DL PT-RS design. The observations and proposals are as follows:
Proposal 1: The number of DL PT-RS ports depends on the number of oscillators at gNB.
Proposal 2: NR supports pre-defined PT-RS allocation.
Proposal 3 : For multi-TRP scenario, NR should be supported PT-RS information exchange between TRPs. For orthogonal multiplexing, ZP PT-RS should be supported by using the PT-RS information
Proposal 4 : For multi-TRP scenario, NR should be supported fall-back mode PT-RS configuration according to backhaul link performance.
Proposal 5 : For MU-MIMO, both non-orthogonal multiplexing/orthogonal multiplexing between PT-RS and data should be supported. For orthogonal multiplexing, ZP PT-RS should be supported.
Proposal 6: NR should inform UE the QCL relationship between PT-RS and DMRS port group by higher layer signalling with parameter sets which configures QCL association between PT-RS and DMRS port group.
Proposal 7: Association between one PTRS port and one DMRS port per DMRS port group should be configurable.
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