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1. Introduction
At the RAN1 #89 meeting, we have reached the following agreements [1]:
	Agreements:
· Confirm the following working assumption.
· Uplink PTRS for DFT-s-OFDM waveform is supported.
· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable
· Multiple pattern/density of PTRS for DFT-s-OFDM is supported
· FFS: implicit or explicit signaling
· Working assumption: Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM.
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


In this contribution, we provide our views on open issue for PT-RS. 
2. Views on open issue for PT-RS
2.1. Details of PT-RS configuration
In the previous meeting, the following agreement was made [1].
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 the details of PT-RS configuration, firstly we have to decide the threshold value of the predefined tables for PT-RS time and frequency density and the number of predefined tables to be supported. Otherwise, we can’t determine the other remaining issues like whether RRC configuration can override or not. Therefore, we propose the following. 
Proposal 1:
· [bookmark: _GoBack]Decide the detail and the number of predefined tables for PT-RS time density and frequency density. 

2.2. Association between one PT-RS port and one DM-RS port per DM-RS port group
At the RAN1 #89 meeting, the following agreement was made [1].
Agreements:
· 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

When assuming configurable association between one PTRS port and one DM-RS port per DM-RS port group, the indication related to association rule to the receiver side is necessary. On the other hand, pre-defined association rule has a merit to reduce the signaling overhead. We have a slight preference that PT-RS port is mapped in increasing order of allocated DM-RS ports within the DM-RS port group. In this rule, allocated PT-RS port is automatically determined irrespective of the number of DM-RS ports within the DM-RS port group, dynamic changing of DM-RS port group, and SU/MU-MIMO transmission. 
Proposal 2:
· Support pre-defined association rule between one PT-RS port and one DM-RS port per DM-RS port group.
· PT-RS port should be mapped in increasing order of allocated DM-RS ports within the DM-RS port group. 

2.3. PT-RS for Uplink DFT-S-OFDM
In the previous meeting, the following working assumption was made [1].
Working assumption: Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM.

As for PT-RS for uplink DFT-S-OFDM, there are three PT-RS insertion schemes as follows. 
Alt. 1: Post-DFT insertion with data puncturing.
Alt. 2: Post-DFT insertion with rate matching. 
Alt. 3: Pre-DFT insertion.
With regard to post-DFT insertion (alt. 1 and 2), there is an advantage that symmetric PT-RS design for CP-OFDM and DFT-S-OFDM can be kept and it helps to reduce the implementation complexity. However, there are disadvantages, i.e., increase in PAPR and CM, are seen by losing the single carrier property in alt. 1 and alt. 2, and performance degradation is occurred by data puncturing in alt. 1. On the other hand, for Pre-DFT insertion (alt. 3), performance degradation and PAPR and CM increase are not expected. We make the following proposal. 
Proposal 3:
· Confirm the following working assumption. 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM. 

3. Summary
In this contribution, we presented our views on open issue for PT-RS, and then made the following proposals. 
Proposal 1:
· Decide the detail and the number of predefined tables for PT-RS time density and frequency density. 
Proposal 2:
· Support pre-defined association rule between one PT-RS port and one DM-RS port per DM-RS port group.
· PT-RS port should be mapped in increasing order of allocated DM-RS ports within the DM-RS port group. 
Proposal 3:
· Confirm the following working assumption. 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM. 
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