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Introduction
In RAN1#90bis meeting, the following agreements on phase tracking RS have been achieved:

Agreements:
· For CP-OFDM, antenna port (AP) configuration 
· Same as DL, support at least up to 2 UL PTRS ports in Rel-15 
Agreements:
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· This can be used at least for avoiding collision with DC tone 
· In addition, an RRC parameter “PTRS-RE-offset” is also supported that explicitly indicates the RE-level offset and replaces the implicit offset, at least for avoiding collision with DC tone 
This contribution provides our views on the remaining issues of PT-RS configurations for CP-OFDM waveform.
Discussion
In the last meeting, it was agreed to support 2 UL PT-RS ports for UL CP-OFDM waveform in Rel-15. If a UE has two oscillators, two UL PT-RS ports have to be configured and each PT-RS port aims to estimate the phase variation incurred by an independent oscillator. As discussed in our previous contribution [1], in the case of multiple oscillators, two alternatives, i.e. coherent transmission and non-coherent transmission, could be adopted for phase noise tracking.
· Coherent transmission: each layer of the UE data is transmitted from all antenna ports of all panels. Different from LTE, for 2 PT-RS ports, 2 DMRS ports are associated with one data layer, where each DMRS port targets for measuring a part of the channel sharing the same phase noise. Therefore, there are total 2·R DMRS ports needed where R is the number of data layers.
For example, Rank=2 coherent transmission is shown in Figure 1. There are total N=2 PT-RS ports and N·R=4 DMRS ports configured for the UE. PT-RS#0 is associated with DMRS#0 and DMRS#1. Data layer 0 is associated with DMRS#0 and DMRS#2. Similarly, PT-RS#1 is associated with DMRS#2 and DMRS#3. Data layer 1 is associated with DMRS port#1 and port#3. Combining the phase variations obtained on PTRS ports#0~1, the corresponding channel characteristics experienced by data layer 0 and layer 1 on the PTRS symbols can be derived.
[image: ]
Figure 1: Two layers coherent transmission
· Non-coherent transmission: each data layer is transmitted from a part of antenna ports of all panels, where those antenna ports share the same oscillator.
For example, DMRS, PT-RS and data mapping for Rank=4 transmission is illustrated in Figure 2. Each layer is only transmitted from those antenna ports sharing the same oscillators and is associated to one DMRS port. There are total N=2 PT-RS ports and R=4 DMRS ports configured for the UE. PT-RS#0 is associated with DMRS#0 and DMRS#1, which is used to track the phase variation of panel#1. Thus, the corresponding channel characteristics experienced by data layer 0~1 on the PTRS symbol can be obtained. Similarly, PT-RS#1 is associated with DMRS#2 and DMRS#3, which is used to get the channel characteristics experienced by data layer 2~3 on the same PTRS symbol.
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Figure 2: Two layers non-coherent transmission
In Rel-15, for UL, at least non-coherent transmission should be supported in the case of multiple oscillators. The UL codebook design and the SRS grouping design have to meet the requirement of such non-coherent transmission. For instance, when UE is configured with 2 UL PT-RS ports, if one SRS resource is configured, non-coherent UL codebook should be applied. Otherwise, two SRS resources have to be configured, where each resource corresponds to the SRS ports sharing the same oscillator. Considering SRS grouping, each SRS group should be composed of those SRS ports sharing the same oscillator. Compared with non-coherent transmission, coherent transmission achieves effective transmission power utilization at the cost of larger DMRS overhead especially for high data layers. In our opinion, whether to support coherent transmission in Rel-15 is FFS.
Proposal:
· In Rel-15, for UL, at least non-coherent transmission should be supported in the case of multiple oscillators. Whether to support coherent transmission in Rel-15 is FFS.
PT-RS should be mapped to the subcarrier carrying its associated DMRS port. For selecting subcarrier for mapping PT-RS within a RB, RE-level offset is needed to avoid collision with DC tone. Another use case of employing the RE-level offset is for MU-MIMO. It is possible that the assigned DMRS ports for different UEs may occupy the same subcarriers. Taking Figure 3 as an example, assume DMRS port#0 is configured for UE#1, and DMRS port#1 is configured for UE#2. According to the agreement, the same PT-RS port is configured for both UE#1 and UE#2. If such PT-RS is mapped on the same subcarrier for both UEs, larger PT-RS interference would occur. Therefore, RE-level offset should be used to reduce PT-RS interference. 
In the last meeting, it was agreed that both implicit and explicit indication are supported for PT-RS subcarrier mapping.  From the above discussion, PT-RS mapping subcarriers for those DMRS ports occupying the same subcarriers should be different. Therefore, for implicit indication before RRC configuration, we prefer to implicitly derive the RE-level offset from the associated DMRS port index. As illustrated in Table 1, different RE-level offset values are predefined for DMRS port#{0,1,4,5} and port#{2,3,6,7}. In Figure 3, for UE#1, the subcarrier offset value is set to be 0, while for UE#2, the subcarrier offset value is set to be 2. In this way, the PT-RS interference could be reduced.
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Figure 3: PT-RS mapping for MU-MIMO

Table 1 PT-RS mapping for each DMRS port
	DMRS ports
	0/2
	1/3
	4/6
	5/7

	Offset values
	0
	2
	4
	6



Proposal:
· For selecting subcarrier for mapping PTRS within a RB, implicitly derive the RE-level offset from the associated DMRS port index.
Conclusions
In this contribution, we provide our considerations on PT-RS design for CP-OFDM waveform. PT-RS transmission in the case of multiple oscillators and PT-RS mapping on subcarrier are discussed, respectively. We have the following proposals:

Proposals:
· In Rel-15, for UL, at least non-coherent transmission should be supported in the case of multiple oscillators. Whether to support coherent transmission in Rel-15 is FFS.
· For selecting subcarrier for mapping PTRS within a RB, implicitly derive the RE-level offset from the associated DMRS port index.
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