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Open issues
The following open issues are currently identified related to PTRS design and operation for NR when it comes to phase noise tracking. The use of PTRS for fine time/frequency tracking is assumed to be handled under agenda item 8.1.2.4.6.
· PTRS design (211 related issues)
· PTRS structure in general, same or different between UL and DL?
· PTRS density in time dimension
· Mapped to symbol n, 2n or 4n, n=0,1,2,… 
· Whether a single, fixed density or multiple densities are supported
· PTRS frequency mapping, localized or distributed
· PTRS frequency densities, which needs to be supported
· PTRS sequence, potential relation to DMRS
· The number of supported PTRS from UE perspective
· The number of supported PTRS from gNB perspective
· Whether to support ZP PTRS (to provide protection/orthogonality)
· Whether non-orthogonal mapping between PTRS and data is supported
· Association between DMRS ports and PTRS ports
· PTRS for DFT-S-OFDM
· Whether to support this?
· If supported, pre or post DFT? Blind estimation?
· Details of mapping, sequences etc
· PTRS procedures (212, 213 related issues)
· PTRS presence
· Dependent on MCS and SCS, how?
· DCI related details
· If multiple time densities are supported, then how is time density determined? 
· E.g. MCS, SCS, Scheduling BW
· If multiple frequency densities are supported, then how is frequency densities determined?
· E.g. MCS, SCS, Scheduling BW
· Mechanisms for PTRS port selection

Current main proposals based on Tdoc survery
The intention of this section is to extract proposals that have support from at least two companies as taken from the tdocs submitted to RAN1#88bis. 
· Orthogonal port mapping for PTRS in SU-MIMO using potentially fewer PTRS ports than DMRS ports (Ericsson, ZTE, Intel, Panasonic, CATT,Nokia)
· Some differences among these companies in how many PTRS ports are needed (1 in total or 1 per oscillator (panel) in the gNB).
· Non-orthogonal port mapping for PTRS in SU-MIMO (Huawei, LG Electronics)
· PTRS frequency domain density is dynamically depending on the scheduled BW and MCS (Ericsson, National Instruments, Huawei, ZTE, Intel, Samsung, CATT, Nokia)
· FFS: optional explicit signaling for complementary configuration (Nokia)
· Only for SU-MIMO (ZTE)
· Symmetric design in DL and UL for PTRS using CP-OFDM (Ericsson, Samsung, CATT, Nokia)
· Using pre-DFT scheme for PTRS in DFT-S-OFDM (Ericsson, InterDigital, Mitsubishi, CMCC, Samsung).
· Using post-DFT scheme for PTRS in DFT-S-OFDM (CATT,)
· PTRS can be configured for DFT-S-OFDM only in bands above 40 GHz (Ericsson, Huawei)
· Optional Frequency localized allocation for ICI compensation (Nokia, Samsung)

Current list of way forwards
Here follows a list of current PTRS related way forwards under discussion:
· WF on DL PTRS design (ZTE (Chuangxin),ZTE Microelectronics, Xinwei, ASTRI, National Instruments, Panasonic)
· For DL PTRS design
· Support orthogonal multiplexing among PTRS ports
· FFS how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM
· MU-MIMO should be considered for the design of orthogonal PTRS ports
· Support multiplexing through multiple scrambling sequences for PTRS port(s)
· Support K DMRS ports to one PTRS port mapping where K>=1
· Support multiple scrambling sequences in one PTRS port
· Support QCL association between PTRS port and DMRS port group

· WF on PTRS for DFT-S-OFDM (Ericsson (Mattias Mitsubishi, Qualcomm, Interdigital, Spreadtrum, NTT Docomo, Mediatek, Sharp, Sony, IITH, CEWiT, IITM, Tejas Networks, Reliance Jio)
· Uplink PTRS for DFT-s-OFDM waveform is supported
· The presence of UL PTRS for DFT-s-OFDM is configured in a UE-specific manner
· The UL PTRS is inserted before the DFT (pre-DFT PTRS)

· WF on PTRS structure (Ericsson (Mattias), Panasonic, Samsung, CATT, National Instruments, Sony, Nokia, ASB)
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL
· Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration
· FFS: Support optional frequency-localized pattern with UE-specific explicit signaling.  (e.g. higher MCS case)
· For the single user case, PTRS is mapped to REs that are not used for other signals received or transmitted by the UE (e.g. data/control/other RSs)


· WF on presence of PT-RS (LG Electronics (Kilbom), ZTE)
· For SU case, dynamic presence of PT-RS is associated with at least MCS and allocated BW.
· FFS: on additional parameter(s).
· For MU case, consider zero power PTRS.





Appendix: PTRS related agreements so far

Agreements:
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 
· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density
· Note: Other time-domain densities of PT-RS are not precluded
· At least for UL 
· The presence of PT-RS is UE-specifically configured
· FFS: Whether implicit and/or explicit UE-specific configuration is supported
· PT-RS is confined in the scheduled time/frequency duration for a UE
· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL
· The following are to be studied for PT-RS:
· Number of PT-RS ports to be supported
· Use of precoding 
· QCL relationship with other RS, e.g., DM-RS 
· Details on frequency domain pattern(s) and/or variable frequency domain densities
· Whether PT-RS is necessary for DFT-s-OFDM waveform
· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE
· Additional usage for estimating residual frequency offset and/or high-speed channel
· Possible method(s) to improve phase estimation performance from PT-RS
· E.g., using ZP/NZP PT-RS to reduce interference 
· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling
· Others are not precluded
· FFS whether new RS is introduced or extended DMRS is used for phase tracking

[bookmark: _GoBack]Agreements:
· Regarding PT-RS for CP-OFDM, the following is supported
· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline
· Whether/how to share DL PT-RS among UEs is FFS
· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated
· Multiple PT-RS densities defined in time/frequency domain are supported
· UE can assume same precoding for a DM-RS port and a PT-RS port
· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS
· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource
· Study the following for PT-RS, taking overhead and forward compatibility into account
· Details on frequency domain patterns/densities
· How to indicate presence/patterns of PT-RS
· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category
· E.g., explicit indication by L1/L2/L3 signaling
· Port multiplexing methods
· E.g., non-orthogonal multiplexing within PT-RS ports and with data
· Using PT-RS for CFO/Doppler estimation
· QCL relationship between PT-RS and DM-RS
· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy
· Others are not precluded
Agreements:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.
· Whether PT-RS can be present or not depends on RRC configuration. 
· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS
· FFS: Time domain density is associated with dynamic configuration by MCS. 
· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.
· FFS: Frequency domain density is associated with dynamic configuration by MCS. 
· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.
· Other association factors/rules are not precluded.
· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different
Agreements:
· NR considers frequency offset and PN compensation for DFTsOFDM
· FFS the exact method (e.g. pre-DFT /post-DFT insertion of PT-RS, blind detection, DM-RS)
· Consider receiver complexity, PAPR, modulation order to be supported, etc 
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