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Introduction
This document provides a summary of remaining critical issues on PT-RS for December finalization.
Open issues for PTRS for CP-OFDM
PTRS mapping to RBs
Agreement last meeting:
· Support a RB-level offset for selecting RBs among the scheduled RBs for mapping PTRS, and the offset is implicitly determined by UE-ID (i.e., C-RNTI).

The remaining critical open issues:
· Derivation rule to implicitly determine the RB-level offset from UE-ID
· How to derive RB-level offset for broadcast and multicast transmissions

Contribution summary
· RB-offset is derived as  (Ericsson, NEC,LGE)
· RB-offset is derived as  (InterDigital)
· RB-offset is derived as  (Samsung)
· For broadcast transmissions, the RB-level offset is derived from the used RNTI using the same formula as for C-RNTI and using the default K_PTRS density, i.e.  (Ericsson)
· For broadcast transmissions RB-level offset is always set to  (InterDigital)


PTRS to subcarrier mapping within an RB
Agreement last meeting:
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· This can be used at least for avoiding collision with DC tone
· In addition, an RRC parameter “PTRS-RE-offset” is also supported that explicitly indicates the RE-level offset and replaces the implicit offset, at least for avoiding collision with DC tone

The remaining critical open issues:
· Which parameter(s) is used for the implicit derivation of RE-level offset and details
· Interpretation of RRC parameter “PTRS-RE-offset” and details

Contribution summary
· Implicit indication:
· RE-level offset is implicitly associated with the index of the DMRS port associated with the PTRS port (Ericsson, ZTE, Spreadtrum, LGE, CATT)
· RE-level offset is implicitly associated with CELL ID (InterDigital, Samsung)
· RE-level offset is implicitly associated with Cell ID, Group ID, UE ID, and slot index/mini slot index (Panasonic)
· Subcarriers in the lower part of the RB can be used with implicit indication (Spreadtrum)
· 
The following rules should be adopted. n  {0, 2, 4, 6, 8, 10} and {0, 1, 6, 7} for DMRS type 1 and type 2 respectively (ZTE,Sanechips):
· For DMRS type 1,one PTRS port should be mapped on subcarrier (n+0)mod12 or (n+2)mod12 if it is associated with DMRS port 0 or port 1 respectively 
· For DMRS type 1,one PTRS port should be mapped on subcarrier (n+1)mod12 or (n+3)mod12 if it is associated with DMRS port 2 or port 3 respectively
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+0)mod12 or (n+1)mod12  if it is associated with DMRS port 0 or port 1 respectively 
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+2)mod12 or (n+3)mod12  if it is associated with DMRS port 2 or port 3 respectively 
· For DMRS type 2,one PTRS port should be mapped on subcarrier (n+4)mod12 or (n+5)mod12  if it is associated with DMRS port 4 or port 5 respectively 


· Explicit indication by RRC:
· Restrict RE-level offset in RRC to a subcarrier in the subset of subcarriers used by the DMRS port (Ericsson, Spreadtrum, NEC, CATT?, LGE)
· Subcarriers in the upper part of the RB can be configured by RRC (Spreadtrum)


[bookmark: _GoBack]Proposal:
· The RE-level offset is implicitly associated with the index of the DMRS port that is associated with the PTRS port. Work offline on the details for a WF 
· The RRC parameter “PTRS-RE-offset” indicates a PTRS subcarrier within the subset of subcarriers used by a DMRS port. Work offline on the details for a WF.
PTRS symbols in case of frequency hopping

Agreement last meeting:
· For CP-OFDM, after determining the subcarrier where PTRS is mapped, support repeating the modulated sequence symbol on the associated first front-loaded symbol of DMRS port taken at the subcarrier for which the PT-RS is mapped as the modulated symbol for PTRS, before applying FD-OCC.

The remaining critical open issues:
· Whether or not the same PTRS modulation symbol is continued to be used in the second hop as was used in the first hop 
 Contribution summary
· Use the corresponding DMRS symbol for the PTRS subcarrier taken from the second hop (Panasonic)
Proposal:
· When intra-slot frequency hopping is enabled, for each hop, use the corresponding DMRS symbol as the modulated constellation symbols for PTRS as in the non-hopping case. 
Configuration of time and frequency density
The remaining critical open issues:
· Default values of ptrsthMCS1DL, ptrsthRB0DL, ptrsthMCS1UL, ptrsthRB0UL, i.e., the presence thresholds
· In case reserved indices (e.g. 29,30,31) are agreed for the MCS tables and whether special handling is needed for these MCS entries
· Whether two density tables needs to be configured for each of the two MCS tables

The remaining non-critical open issues:
· Whether frequency density of 1 PRB is supported
· Details of 2 PTRS configuration


Contribution summary
· Two MCS tables clarification
· Two PT-RS time domain density tables should be defined with regard to 2 MCS tables (Intel)
· Default values
· PTRS always ON is used as default for time and freq. association tables in DL and UL (Ericsson, Intel)
· PTRS always ON is used as default just for freq. association tables (NEC, Docomo)
· PTRS always ON is not used as default for time and freq. association tables (Huawei, ZTE, Sanechips, LGE)
· Support no PTRS when the number of scheduled PRBs is smaller than 3 in the default table (ZTE, Sanechips, LGE)
· Support no PTRS for QPSK in the default table(ZTE, Sanechips)
· Reserved indices
· For adaptive HARQ, if PT-RS is present, the MCS={29, 30, 31} should not be configured. (Intel)
· 1 RB
· Support frequency density of 1 PTRS subcarrier every PRB (Ericsson, LGE)2 CW issue
· The dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port. (LGE)
· Other
· There should be a cap on the number of PTRS subcarriers, per row, in the frequency density table (LGE) 
· 
Details related to RRC configuration of PTRS
The remaining critical open issues:
· Whether a common configuration or independent configuration of potential presence of PTRS by RRC for DL and UL respectively, is used.
· Details of the signalling of the set of thresholds in the density tables.
· Whether the “The number of configured PT-RS ports is given by the higher layer parameter UL-PTRS-ports” means the maximum number PT-RS ports or something else. (To be clarified according to editor comment in 38.214 v.1.1.3)

Contribution summary
· UL vs DL independence
· Higher layer configuration indicate the possible presence of PTRS for DL and UL independently, i.e. UL-PTRS-present and DL-PTRS-present are the RRC parameters. (Ericsson)
· Signalling of thresholds
· RRC payload in the signalling should be reduced by introducing offsets between BWP configurations (Samsung)
· The MCS thresholds in the PTRS time density table have the granularity of modulation constellation size only, excluding the code rate (Ericsson, LGE)
· Restrict the values of the thresholds ptrsthRBx to the set of elements which are multiple of the RBG size, i.e.,  with  and  is the maximum scheduled BW in NR (Ericsson)
· Use a compression scheme to indicate the thresholds (c.f EPDCCH set config. In LTE) (Ericsson)

Proposal:

Details related to UCI signalling of preferred layer
Agreement last meeting:
· For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within the CW with higher CQI in UCI

The remaining critical open issue:
· How to include information about the best transmission port in the CSI-feedback.

Contribution summary
· Jointly encode RI and encoding of preferred layer by extending RI with 1 additional bit (Ericsson, LGE)
· For Layer Indicator (LI) reporting, when reported by PUCCH, the CRI/RI/LI/PMI/CQI should be coded independently; when reported by PUSCH, the LI should be reported in the second CSI part.(Intel)

Proposal:

Details related to DCI signalling 
Agreement last meeting:
For UL codebook-based transmission, when one PTRS port is configured, support gNB to indicate to UE in the UL grant which DMRS port is associated with the PTRS port

The remaining critical open issues:
· How to include information about the DMRS to PTRS association in UL grant for codebook based transmission.
· Whether and how to handle the DMRS port indication in the non-codebook based transmission case
· Whether to support dynamic indication of presence of PT-RS to assist UL frequency offset tracking

Contribution summary
· Association (indication,number of ports) is indicated by TCI state, TPMI and/or SRI (ZTE, Sanechips)
· At least for UL for both CP-OFDM and DFT-s-OFDM, NR supports explicit indication of PT-RS transmission regardless of default configuration for the purpose of time/frequency synchronization support (Nokia, Ericsson,LGE) 
Proposal:
· Offline discussion targeting a WF is needed

The PTRS vs PDSCH EPRE ratio 
Agreement last meeting:
· At least for DL SU-MIMO scheduling, the EPRE ratio between PTRS and PDSCH is by default implicitly indicated by the number of scheduled PTRS ports for the UE
· The default EPRE ratio is 0dB for 1 PTRS port case and 3dB for 2 PTRS port case
· Other combinations including EPRE up to 6dB are allowed by RRC configuration of association between number of DL PTRS ports and EPRE ratios

The remaining critical open issues:
· Alignment of the interpretation of EPRE
· How to implicitly derive the PTRS vs PDSCH EPRE ratio (and which parameters are used for this)
· Details of the RRC signaling of association between DL PTRS ports and EPRE ratios 
· Potential issue with DL MU-MIMO
· For two DMRS port groups where each DMRS port group has its own PT-RS and CW, how to boost PT-RS when their time density are different? [by LGE]

Proposal:
· Offline discussion targeting a WF is needed


On PTRS power boosting in UL
Agreement last meeting:
· For UL, the transmission power for the symbols with and without PTRS should be kept the same when more than 1 PTRS port is configured
· Support power borrowing for PTRS from muted REs when more than 1 PTRS port is configured
· Note: Other power boosting scheme for UL PTRS can be further discussed
· FFS: single PTRS port case

The remaining critical open issue:
· Details for the single PTRS port case
· Details for the multiple PTRS port case

Proposal:
· Offline discussions targeting a WF is needed

 Related to non-slot based scheduling
The remaining critical open issue 
· Whether slot and non-slot based scheduling use the same of different PTRS configuration (mapping, patterns, sequences, association tables, etc)

Contribution summary
· Same configuration and mapping for slot-based and non-slot-based scheduling (Ericsson, LGE)
· Same configuration and mapping for slot-based and non-slot-based scheduling, with different thresholds on the association table (Docomo)
· Different PTRS time mapping for slot and non-lot based scheduling (vivo)

 Related to the use of DMRS with TD-OCC
Agreement last meeting:
·  UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz

The remaining critical open issue 
· The precise formulation in spec on how to handle this restriction

Proposal:
· This is handled in the DMRS agenda as it is related to the Antenna port indication table

Related to the use of PT-RS and two DMRS groups
TS 38.214 states:

If a UE is configured with one PT-RS port and if the higher layer parameters DL-dmrs-group1 and DL-dmrs-group2 are not configured, the UE may assume that the PT-RS antenna port is associated with DM-RS antenna ports with respect to [association parameters TBD],
-     if a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lower indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.
-     if a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lower indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DMRS antenna port assigned for the codeword 0.

[If a UE is configured with two PT-RS ports and with the higher layer parameters DL-dmrs-group1 and DL-dmrs-group2, the UE may assume that the first PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH and indicated in the DL-dmrs-group1, and the second PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH and indicated in the DL-dmrs-group2.]

The remaining non-critical open issue
· Details related to the long text in brackets above

 Related to MU-MIMO
The remaining non-critical open issue 
· Whether ZP-PTRS is supported

Contribution summary
· Support ZP-PTRS (ZTE,Sanechips)
· No support for ZP-PTRS (Ericsson)

PTRS collision with other RSs
Not handled here, instead handled under AI 7.2.3.1 

Open issues for DFT-s-FDM
Related to location of chunks pre-DFT
Agreement last meeting:
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1 where the n is FFS

The remaining critical open issue 
· The value of n

Contribution summary
· Chunks centered in the interval for K=2 (Ericsson, Samsung, InterDigital, Qualcomm?)
· Chunks at the beginning of each interval (n=0) for K=2 (Panasonic)
· Chunks are placed at n=X/4 (CMCC)
· Value n depends on Cyclic shift value (LGE) 
· Position of the chunk is a function of X,N, see R1-1719517 (Huawei,HiSi)

Related to frequency density
Agreement last meeting:
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
For PTRS for DFT-s-OFDM, support a RRC parameter « UL-PTRS-frequency-density-transform-precoding » indicating a set of thresholds T={NRBn,n=0,1,2,3,4}, per BWP that indicates the values of X and K the UE should use depending on the scheduled BW according to the table below
	Scheduled BW
	X x K

	NRB0 <NRB ≤NRB1
	2x2

	NRB1 <NRB ≤NRB2
	2x4

	NRB2 <NRB ≤NRB3
	4x2

	NRB3 <NRB ≤NRB4
	4x4

	NRB > NRB4
	Yx4


FFS default UE behaviour before RRC configuration, if needed
FFS value of Y (if different than 4)
FFS whether thresholds are MCS dependent
Note: NRB0 can be equal to 0; when NRB0 is larger than 0, no PTRS is present for allocations less than or equal to NRB0

The remaining critical open issues 
· Default value for the thresholds in the association table
· Default value for L_PTRS
· The value of Y
· Whether X and K depends on MCS
· Whether K=1, X=16 is supported

Contribution summary
· Value of Y
· Support Y=8 (Ericsson, Mitsubishi, Huawei, HiSi)
· Support Y=6 (CMCC)
· No support for Y>4 (Nokia, Panasonic)
· MCS dependence
· Chunk-based configuration table is not associated with MCS (Ericsson, Mitsubishi,Huawei,HiHi)
· Chunk-based configuration table is associated with MCS (Docomo)
· On K=1
· Preclude K=1 (Ericsson, ZTE, Sanechips,Mitsubishi)
· Support K=1 (Samsung, Qualcomm,LGE)
· Default configuration
· Default threshold configuration is NRB0=0, NRB1=8, NRB2=NRB3=32 and NRB4=108 (Ericsson)
· Default configuration always uses the densest configuration (vivo)
· E.g. NRB0=NRB1=NRB2=NRB3=0 
· Default configuration always uses 2x2 (Nokia)
· E.g. NRB0=0, NRB1=Inf
· Do not support default configuration for DFT-S-OFDM PTRS (Mitsubishi)
· Default, before RRC, is L_PTRS=1 or given by RMSI (vivo)



Related to sequence for PTRS for DFT-s-OFDM
Agreements:
· For DFT-s-OFDM, support using pi/2 BPSK PTRS sequence
· Support boosting the amplitude of pi/2 BPSK PTRS for DFT-s-OFDM to the same level as outermost constellation points of the corresponding PUSCH (including pi/2 BPSK PUSCH)
· Support applying additional OCC within each PTRS chunk for DFT-s-OFDM

The remaining critical open issues 
· Details on which sequence to use, initialization 
· How to use OCC for PTRS

Contribution summary
· Sequence related
· The PT-RS and DM-RS should share the same scramble ID. (Intel)
· PTRS can similarly share one sequence or sequence generator with the corresponding DMRS. (vivo)
· 

The phase transition at the edge of each PTRS chunk could be , but not always  any more. (vivo)
· Sequence of length XxK is repeated in every DFTsOFDM symbol before OCC (Mitsubshi)
· OCC related
· Apply OCC after BPSK modulation and before pi/2 modulation (InterDigitial, Mitsubishi)
· The OCC for each chunk should be at least determined by scramble ID. (Intel) 
· OCC depends on Cyclic shift value (LGE) 

Related to UCI mapping position
Contribution summary
· UCI should be placed near PTRS and DMRS (CMCC)
· The UCI should be multiplexed to the symbols with PT-RS and it should be closed to each PT-RS chunk. (Intel)
Proposal:
To be handled under control channel agenda 7.3.2.3 UCI multiplexing

Open issues for PT-RS for ECP
The remaining critical open issue 
· If same or different PTRS configuration than for NCP is used for ECP (mapping, patterns, sequences, association tables, etc).
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