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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The work item proposal “New WID on New Radio Access Technology” was approved in RAN plenary #75 [1]. In NR system, a variety of reference signals were proposed for different purposes, e.g., CSI-RS and SRS for CSI acquisition, DMRS for demodulation, PTRS for phase tracking, etc.
As its name indicates, PTRS is dedicated to estimate the phase noise, which is able to degrade the performance of the detection and equalization at the receiver, especially in high order modulation cases. What is more, the impact of the phase noise increases as the carrier frequency grows. For NR systems, especially the ones operating at high frequency bands, e.g., million meter wave (mmWave), high-precision estimation of the phase noise is expected.
Due to the significance of phase noise estimation in the detection and equalization, PTRS related issues have been intensively discussed in the previous meetings. Concerning PTRS, following agreements were achieved in RAN1#AdHoc NR2 meeting [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
· For PTRS for CP-OFDM, study further whether or not there is need for interference randomization for PT-RS and if so, how
· Companies are encouraged to provide simulation results
· Study further how to handle PT-RS collision with CSI-RS
In this document, PTRS-related issues are discussed in detail.
2. Discussion
In order to describe the quasi-co-location (QCL) between each pair of DMRS ports, the DMRS ports are divided into a multiplicity of DMRS port group whereby QCL holds within each DMRS port group but does not apply across different DMRS port group. Considering the fact that phase noise is produced by the impairment of oscillator, PTRS can be transmitted in a per-oscillator other than per-DMRS-port way, i.e., the component DMRS ports in a DMRS port group can share one PTRS port. Clearly, from the spectral efficiency perspective, the association between each PTRS port and a DMRS port group can efficiently reduce the PTRS overhead and thereby should be adopted.
Now that a PTRS port is responsible for the phase noise estimation of a group of DMRS ports, in principle, the PTRS can be transmitted over any one of or even an arbitrary combination of component DMRS port(s) in the port group, at the cost of additional signaling overhead for the association indication.
Additionally, for the sake of accurate phase noise estimation, PTRS should be transmitted over the component DMRS port(s) with the best transmission quality, e.g., largest SINR. To this end, the transmitter has to signal the index of the DMRS port to the receiver. Undoubtedly, this will introduce additional signaling overhead. In order to avoid the explicit signaling, there are a couple of solutions, 1) transmitting PTRS over the lowest DMRS port in the port group (Alt. 1); and 2) hopping the PTRS port among the component DMRS ports in the port group in frequency domain (Alt. 2). For Alt. 1, if a gNB understands the index of the layer with the best quality, e.g., in the case beam correspondence holds, then the gNB can always map the layer with the best quality into the lowest DMRS port for PTRS transmission. Conspicuously, this is essentially a gNB implementation related issue, and neither signaling overhead nor specification effort is needed. For Alt. 2, the PTRS is carried over different DMRS ports in different PRB’s. Obviously, the port switching among the DMRS port group will introduce additional signaling overhead for DMRS port indication and improved UE complexity. Considering the sparse distribution of PTRS in frequency domain for diversity, whether additional diversity technique (e.g., the port switching)  on top of the frequency diversity is necessary deserves performance evaluation and further study. In a word, Alt. 1 should be considered for the association between each PTRS port and the corresponding DMRS port group.
Proposal 1:
· Support Alt. 1 for the association between each PTRS port and the corresponding DMRS port group.
Regarding the collision with CSI-RS, effective solutions are indispensable to deal with the problem. If the collision occurs, mutual interference is unavoidable. Which not only affects CSI acquisition and beam management, but also reduces the accuracy of phase noise estimation and subsequent detection. What is worse, once a PTRS collides with a CSI-RS, the collision occurs in all the PRB’s where the PTRS lies.
Observation 1:
· Once a PTRS collides with a CSI-RS, the collision occurs in all the PRB’s where the PTRS lies.
In the presence of collision, some companies proposed to shift the subcarrier of PTRS away from those of CSI-RS, e.g., to another DMRS subcarrier in the PRB. Although the collision could be avoided and there is no negative impact on the CSI acquisition and beam management, the precision of phase noise estimation will definitely be reduced, since the PTRS lies on different subcarriers in different symbols in the PRB and the frequency selectivity will deteriorate the performance of phase noise estimation. In this sense, subcarrier shifting is not a good solution.
Observation 2:
· Subcarrier shifting will reduce the performance of phase noise estimation.
Alternatively, in order to reduce the collision with CSI-RS, random hopping within the (DMRS) subcarriers in belonging PRB can be considered, as illustrated in Figure 1. Despite that the collision cannot be completely avoided, the probability will be significantly reduced. What is more, the randomly hopped PTRS RE’s still situate on the same subcarrier. From the phase noise estimation perspective, the performance is roughly the same as that without collision. Further, the random hopping can be performed in a PTRS-specific (i.e., DMRS group-specific) way to randomize the interference between PTRS ports or in a cell-specific manner to whiten the inter-cell interference. 



[bookmark: _GoBack]Figure 1: Random hopping for PTRS among the DRMS subcarriers in the belonging PRB

Proposal 2:
· Consider PTRS random hopping among the DMRS subcarriers to avoid the collision with CSI-RS and randomize interference.
3. Conclusion
In this contribution, PTRS related issues were discussed in detail. Based on the discussion, we have following observations and proposals.
Observation 1: 
· Once a PTRS collides with a CSI-RS, the collision occurs in all the PRB’s where the PTRS lies.
Observation 2:
· Subcarrier shifting will reduce the performance of phase noise estimation.
Proposal 1:
· Support Alt. 1 for the association between each PTRS port and the corresponding DMRS port group.
Proposal 2:
· Consider PTRS random hopping among the DMRS subcarriers to avoid the collision with CSI-RS and randomize interference.
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