
[bookmark: _GoBack]3GPP TSG RAN WG1 NR Ad Hoc #3		R1-1715624
Nagoya, Japan, 18th – 21st, September 2017

Source:	vivo
[bookmark: Title]Title:	Discussion on the remaining details on PT-RS
[bookmark: Source]Agenda Item:	6.2.3.4
[bookmark: DocumentFor]Document for:	Discussion and Decision
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#90 meeting [2].
Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS

In this document, the remaining issues relating to PTRS are discussed in detail.
Note: This contribution is revised from R1-1712843 [3].
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, PTRS can be always transmitted over the lowest DMRS port in the port group at least in single codeword case. For two codewords, however, there are a couple of candidate schemes, i.e., associating the PTRS port to 1) the lowest DMRS port among the DMRS ports corresponding to the codeword with highest MCS (Alt. 1); or 2) the lowest DMRS port among all the DMRS ports across the both codewords (Alt. 2). Generally speaking, the codeword with higher MCS has higher SINR/CQI and better radio quality. Therefore, the layer with the best transmission quality corresponds to the codeword with highest MCS. Among the layers corresponding to the codeword with highest MCS, gNB can always map the best layer to the lowest DMRS port by exchanging the columns of the precoding matrix. In fact, Alt. 2 could also achieve the same effect as Alt. 1, e.g., the gNB always identifies the codeword with highest MCS as codeword 0 whereby the lowest DMRS port corresponding to the codeword 0 is definitely the globally best DMRS port across the two codewords. From the performance perspective, Alt. 1 and Alt. 2 are equivalent. With respect to signaling overhead, both alternatives do not need any additional signaling indication, since the PTRS mapping rule can be regulated in the specification. 
Observations 1:
· From the performance perspective, Alt. 1 and Alt. 2 are equivalent.
· Both alternatives do not need any additional signaling indication.
Conspicuously, the difference between the two alternatives lies in the behavior of gNB and UE, e.g., PTRS mapping and demapping. For Alt. 1, a UE has to decode DCI and compare the MCS’s of the both codewords before PTRS demapping. While for Alt. 2, a UE can directly perform PTRS demapping. In this sense, the required complexity of UE for Alt. 2 is slightly lower than that of Alt. 1. Moreover, irrespective of single-codeword or double-codeword transmission, Alt. 2 can give rise to a unified behavior of UE in the PTRS demapping. Consequently, in the association between PTRS port and DMRS port group for double codeword transmission, Alt. 2 should be supported for down selection.
Observations 2:
· The required complexity of UE for Alt. 2 is slightly lower than that of Alt. 1.
· Irrespective of single-codeword or double-codeword transmission, Alt. 2 can give rise to a unified behavior of UE in the PTRS demapping.
Proposal 1:
· For 2 CW case, the PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation
Considering that there are more than one DMRS subcarriers within each scheduled PRB, it is indispensable to determine the exact subcarrier index for PTRS mapping. Moreover, the receiver side must be aware of the exact subcarrier index. In order to save the signaling overhead used to indicate the subcarrier index, a predefined PTRS mapping rule can be specified in the standard, e.g., mapping the PTRS to the DMRS subcarrier with the largest/smallest indices or to the adjacent DMRS subcarrier with larger/smaller indices within the PRB.
Proposal 2:
· In order to save the signaling overhead used to indicate the subcarrier index, a predefined PTRS mapping rule can be specified in the standard.
If a PTRS is mapped to a fixed DMRS subcarrier in a static way within the belonging PRB, frequent collision with other reference signals will occur. To alleviate the collision and whiten the interference, the mapping rule of PTRS subcarrier within the PRB should be variable. Hence, a pseudo random mapping rule can be considered for PTRS subcarrier determination, e.g., the target subcarrier can be a function of the index of the belonging PRB, the index of the corresponding DMRS port, etc.
Proposal 3:
· Consider a predefined pseudo random mapping rule for PTRS subcarrier determination within a PRB.
In order to improve the accuracy of channel estimation, the power of DMRS may be boosted. If the DMRS port carrying PTRS is power-boosted and the PTRS is not, this will lead to imbalanced SINR and deteriorate the performance of interpolation for phase noise estimation. In fact, PTRS can also be loaded with higher power as the carrying DMRS port for enhanced precision of phase noise estimation.
Proposal 4:
· The power of PTRS can follow that of the associated DMRS port.
3. Conclusion
In this contribution, the PTRS related issues were discussed in detail. Based on the discussion, we have following observations and proposals.
Observations 1: 
· From the performance perspective, Alt. 1 and Alt. 2 are equivalent.
· Both alternatives do not need any additional signaling indication.
Observations 2:
· The required complexity of UE for Alt. 2 is slightly lower than that of Alt. 1.
· Irrespective of single-codeword or double-codeword transmission, Alt. 2 can give rise to a unified behavior of UE in the PTRS demapping.
Proposal 1:
· For 2 CW case, the PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation
Proposal 2:
· In order to save the signaling overhead used to indicate the subcarrier index, a predefined PTRS mapping rule can be specified in the standard.
Proposal 3:
· Consider a predefined pseudo random mapping rule for PTRS subcarrier determination within a PRB.
Proposal 4:
· The power of PTRS can follow that of the associated DMRS port.
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