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Introduction
This document provides a summary of the way forwards and the Thursday August 24th offline discussion on PT-RS.
Remaining issues of CP-OFDM case
PTRS configuration tables
R1-1715196 WF on PT-RS frequency density table
Supported by LG Electronics, Ericsson, InterDigital, Samsung, ZTE, Nokia, Nokia Shanghai Bell, KT, Huawei, Hi-Silicon

Offline agreement
· PT-RS frequency density table for 60 and 120 kHz SCS
· The listed BW thresholds are only for the predefined (default) table.
· As agreed before, the BW thresholds (N_RBi,i=1,…) in this predefined table can be replaced by RRC configuration 
· If frequency density is 1/n, then every n:th RB in the scheduled BW carry a PTRS port
· FFS on RB location offset in steps of one RB
	Contiguous Scheduled BW
	Frequency density (1/n) 

	NRB < [3 or 1]
	No PT-RS

	[3 or 1]≤  NRB < [5]
	[1]

	[5]≤  NRB < [10]
	1/2

	[10]≤  NRB < [15]
	[1/3]

	[15]≤ NRB
	1/4 


· FFS; the case of non-contiguous resource allocation
· FFS: bracketed values to be decided


R1-17nnnn WF on association table pair for PTRS for CP-OFDM
Supported by Huawei, HiSilicon, National Instruments, Intel, MediaTek
· Support UE to recommend the preferred association as Table 1 and 2 and gNB to update/confirm for forward compatibility
· Multiple predefined tables per SCS can be further discussed pending on UE capability discussions and input from RAN4

Multiplexing 
R1-17nnnn Handling of potential PTRS collisions with CSI-RS
Supported by LG Electronics, ZTE, CATT, Huawei
· Support shifting the subcarrier for mapping one PT-RS port by a frequency offset when one or more of PT-RS RE(s) is overlapped with CSI-RS.
· After shifting, this PT-RS port is still mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group if any non-overlapping subcarrier(s) is available, where the association remains.
· If there is no any available non-overlapping subcarrier, PT-RS should be punctured.

R1-1715054 “ZP PTRS”
Supported by Samsung, Intel, ZTE
· Support configurable ZP PTRS
· FFS: configuration details  

PTRS ports
R1-1714977 Way forward on PT-RS antenna port association 
Supported by Intel, Huawei, Ericsson, Samsung, Docomo..
· For UL, At least for codebook based transmission, if one PT-RS port is configured for an DM-RS port group, the PT-RS port is associated with a configured DM-RS port in the DM-RS port group.
· FFS: Such signalling is carried by RRC or MAC-CE or DCI
· FFS: non-codebook based case
· 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.
· For 2 CW case, The PT-RS port is associated with the lowest DM-RS port of the DM-RS ports for the higher MCS CW.
· If MCS of the 2 CWs is the same, CW 0 is selected
· 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
· For SU-MIMO, support power boosting for PT-RS
· FFS: spec impact

R1-1714788 WF on PTRS port
Supported by ZTE, vivo, LG Electronics, NEC
· DMRS ports within the same DMRS group are QCL’ed w.r.t. all parameters  and share the same PTRS port.
· DMRS ports in different DMRS groups can be QCL’ed w.r.t. {Doppler spread, Doppler shift} and share the same PTRS port, e.g. these DMRS ports in different groups share the same RF chain.
· UE is indicated by gNB via PQI-like signaling on whether DMRS ports in different DMRS groups share the same PTRS port.
· e.g. PQI-like signaling includes PTRS port index.
· Note: If DMRS ports in different groups are not QCL’ed w.r.t {Doppler spread, Doppler shift}, the same PTRS port cannot be shared.

R1-17nnnn WF on UE assistance for PTRS port configuration for CP-OFDM
Supported by Huawei, HiSilicon, Intel, National Instruments, ZTE, LG Electronics
· To facilitate PTRS port configuration, support UE to report the number of PTRS ports desired by this UE
· Note: UE can derive this information from the number of UE TXRUs and whether they share an oscillator or RF chain
Non-contiguous resource allocation
Issue: How to select RBs to map PTRS in case of non-continuous resource allocation
PT-RS sequence
Issue: Define sequence

Remaining issues of DFT-s-OFDM case
Details of pre-DFT PTRS insertion:
R1-1715049 WF on pre-DFT PT-RS pattern for DFTsOFDM
Supported by Mitsubishi Electric, Huawei, Hi-Silicon, Ericsson, Nokia, Nokia Shanghai Bell, Sharp, Spreadtrum, InterDigital,  IITH, IITM, CEWiT, Tejas Networks, Reliance Jio.
Offline agreement:
· For pre-DFT PTRS insertion for DFTsOFDM
· Define for the sake of discussion the pre-DFT pattern as X chunks of K>=1 adjacent PTRS samples
· The chunk sizes K can be {1,2,Y}, values to be down-selected at RAN1#90bis 
· Y is a single value, larger than 2, FFS the exact value
· At most two K values is supported after down-selection
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size and/or MCS 
· The supported number of chunks : X includes at least {2, Z}
· Z is larger than 2, FFS the exact value
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS 
· FFS: the exact positions of the chunks and sequence
· Note: K=1 corresponds to distributed allocation
Whether and how to additionally support for post-DFT OFDM
R1-1715053 On Post DFT PTRS for DFT-s-OFDM
Supported by: Samsung, Intel, CATT, LGE
· Revise and confirm the working assumption as
· Support both Pre-DFT and Post-DFT PT-RS insertion for UL DFT-S-OFDM.
· gNB configures pre-DFT or post-DFT scheme for PTRS insertion for DFT-s-OFDM waveform in the UL


Working assumption confirmation
R1-1714920 WF on PT-RS for DFT-S-OFDM
Supported by Mitsubishi Electric, Qualcomm,  Huawei, Hi-Silicon, Ericsson, InterDigital, Sony, IITH, CEWiT, IITM, Tejas Networks, Reliance Jio, Nokia, Nokia Shanghai Bell, AT&T, Vivo, Sharp, Spreadtrum, NTT DoCoMo
Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
Continue offline discussion, companies are encouraged to check the simulation assumptions/results more carefully. Aim to conclude later this week – Cristina (Mitsubishi)

PT-RS sequence
Issue: Define sequence
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