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1 Summary of DMRS offline
Offline agreement:
For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.
For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.
· FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.

Offline agreement:
For DMRS for DFT-s-OFDM PUSCH with a hop, support first DMRS of the 1st hop to be located on the
· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
· FFS: The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS for the 1st hop
· At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc
· FFS: another case for the location first DMRS of the 1st hop in cases of collision with reserved resources on the uplink.

Offline agreement: 
For the PUSCH without a hop when the first symbol of the front-load DMRS is located in the 3rd or 4th symbol of the slot
· reuse DL DMRS locations for UL DMRS with respect to the additional DMRS symbols and reuse the scenarios they are applied with respect to the last PUSCH symbol.
· Note: This applies to both NCP and ECP whenever applicable. 


Offline agreement: 
Study further until next meeting whether NR should support in addition to a comb-2 DMRS structure, a DMRS structure with RPF=1 for DFT-s-OFDM. 

Offline agreement:
Any configured DMRS port indication table supports SU-MIMO scheduling.
The maximum number of ports per UE in SU-MIMO
· DMRS configuration type 1 with 1-symbol DMRS
· 4 for DL, 4 for UL
· DMRS configuration type 1 with 2-symbol DMRS
· 8 for DL, 4 for UL
· DMRS configuration type 2 with 1-symbol DMRS
· 6 for DL, 4 for UL
· DMRS configuration type 2 with 2-symbol DMRS
· 8 for DL, 4 for UL

Possible agreement (Discussed not concluded):

2,4,2,4: Qualcomm, Panasonic, CATT, LGE, Spreadtrum, Samsung, 
2,4,4,4: Huawei, HiSilicon, Intel, NTT DOCOMO, Mitsubishi, Ericsson, MTK, ITL, Nokia, NSB
The maximum number of orthogonal ports per UE in MU-MIMO for
· DMRS configuration type 1 with 1-symbol DMRS
· 2 for DL
· DMRS configuration type 1 with 2-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 1-symbol DMRS
· [2 or 4] for DL
· Downselect online between 2 or 4
· DMRS configuration type 2 with 2-symbol DMRS
· 4 for DL

2 Additional issues/proposals (discussed online, but not offline)

1)
Possible agreement:
· For DMRS configuration type1, DMRS port indexing for two-symbol DMRS with CP-OFDM
· Alt1: DMRS port indexing in CDM group is {0,1,4,5}, {2,3,6,7}
· Samsung, LGE, Spreadtrum, Qualcomm, vivo, CATT, Nokia, NSB, Intel, ITL, Panasonic, Ericsson
· Alt3: DMRS port indexing in CDM group is {0,1,4,6}, {2,3,5,7} for the sake of DMRS power balance 
· Huawei, HiSilicon, MTK, ZTE, Sanechips
· For DMRS configuration type2, DMRS port indexing for two-symbol DMRS with CP-OFDM
· Alt1: DMRS port indexing in CDM group is {0,1,6,7}, {2,3,8,9}, {4,5,10,11}
· Samsung, LGE, Spreadtrum, Qualcomm, vivo, CATT, Nokia, NSB, Intel, ITL, Panasonic, Ericsson
· Alt3: DMRS port indexing in CDM group is {0,1,6,9}, {2,3,7,10}, {4,5,8,11} 
· Huawei, HiSilicon, MTK, ZTE, Sanechips
More offline discussions

Proposal 1:
· For DMRS configuration type1, DMRS port indexing for two-symbol DMRS with CP-OFDM
· Alt1: DMRS port indexing in CDM group is {0,1,4,5}, {2,3,6,7}
· For DMRS configuration type2, DMRS port indexing for two-symbol DMRS with CP-OFDM
· Alt1: DMRS port indexing in CDM group is {0,1,6,7}, {2,3,8,9}, {4,5,10,11}
· Note: Power imbalance issue between different CDM groups should be addressed in DMRS port indication table.

2)
Possible agreement:
· For a 2/4/7-symbol non-slot based scheduling, both 1-symbol configuration type 1 and type 2 are supported for unicast PDSCH transmission after RRC configuration
· Before RRC configuration, only configuration type-1 is supported
More offline discussions
Proposal 2:
For a 2/4/7-symbol non-slot based scheduling:
· Only 1-symbol configuration type 1 and type 2 are supported for unicast PDSCH transmission after RRC configuration
· Before RRC configuration, only configuration type-1 is supported
· When PDSCH and PDCCH are FDMed 
· Alt. 1: The front-load DMRS should be mapped to the second symbol to avoid collision with PDCCH.
· Alt. 2: the front-load DMRS should be mapped to the next symbol in the part where there is collision between the PDSCH and PDCCH.
3 
DL DMRS configuration aspects
DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC
3.1.1 Key issue 1
	For the DMRS pattern of broadcast/multicast PDSCH support
· Alt. 1: Three additional DMRS symbols
· Nokia, NSB, ETRI, NTT DOCOMO, CATT, LGE, MTK
· Alt. 2: Two additional DMRS symbols
· Ericsson, Qualcomm, Huawei, HiSilicon, ITL
· Alt. 3: One additional DMRS symbol
· Lenovo


3.1.2 Key issue 2
	Confirm working assumption on using configuration type 1 for Broadcast/Multicast PDSCH DMRS
· NTT DOCOMO, Nokia, NSB, Ericsson, Qualcomm, ZTE, Samsung, Panasonic, vivo, LGE
Not confirm the WA, using one whole symbol for DMRS for Broadcast/Multicast PDSCH DMRS
· Huawei, HiSilicon
The WA can be confirmed if using 3 additional DMRS symbols for broadcast/multicast PDSCH. (in this way, it has better structure of self-contained fine tracking when TRS is not supported)
· MTK


3.1.3 Key issue 3
	For the DMRS pattern of unicast PDSCH before RRC configuration, e.g. slot based OSI (other system information), support the same configuration type as broadcast/multicast PDSCH and
· Alt. 1: configurable between the agreed 2- and 3-additional DMRS unicast patterns depending on information provided in RMSI 
· Qualcomm
· Alt. 2: A fixed pattern that is the same with the DMRS for broadcast/multicast PDSCH
· NTT DOCOMO, Ericsson, Samsung, LGE, MTK, ITL


 

 DMRS Sequence design
DMRS PN sequence for CP-OFDM for DL and UL
3.1.4 Key issue 9
	· QPSK modulated DMRS is derived from the 
· length-31 Gold sequence (as in LTE)
· Ericsson, Qualcomm, Samsung, Nokia, NSB, ZTE, Sanechip
· length-63 Gold sequence


where Nc is the pre-shift parameter between 20000 and 24000 

·  is OFDM symbol index in the radio frame
·  scrambling identity configured for the UE and, if applicable, indicated by DCI
· Intel, ITL
· legnth-30 Kasami Sequence (if complexity from size of LFSR is issued)
· ITL


3.1.5 Key issue 10
	· Support only one scrambling ID in DCI table for port indication
· Huawei, HiSilicon
· DMRS scrambling ID is RRC configured and encoded into TCI states and not in the antenna port mapping table as in LTE
· Ericsson
· Support scrambling ID in DCI which is independently signaled from number of layers & port number
· Samsung



DFT-S-OFDM sequences
3.1.6 Key issue 11
	For the ZC-sequence for DFT-S-OFDM
· Alt. 1: Reuse LTE ZC sequences and computer-generated sequences
· Ericsson, Qualcomm, Huawei, HiSilicon, Samsung, Nokia, NSB, ZTE, Sanechips, vivo
· Alt. 2: the DM-RS sequence for DFT-s-OFDM waveform should be generated by one or multiple concatenated ZC sequences
· Intel


3.1.7 Key issue 12
	For pi/2 BPSK sequence:
· Reuse LTE ZC sequences and computer-generated sequences
· Nokia, NSB, Ericsson, Samsung, Huawei, HiSilicon
· new DMRS sequence designed for Pi/2 BPSK modulation
· Qualcomm, ZTE, Sanechips, IITH



Proposal 3:
For DFT-S-OFDM sequences, 
· For the ZC sequences, reuse LTE ZC sequences.
· For DFT-S-OFDM pi/2 BPSK sequence 
· new DMRS sequence designed for Pi/2 BPSK modulation

Related WF from IITH: 
“WF on RS Design for pi/2 BPSK with spectrum shaping”, IITH, AT&T, Reliance Jio, Qualcomm, IITM, CEWiT, Tejas Networks
· For pi/2 BPSK PUSCH, RS design should be such that PAPR of RS is similar to data

Proposal 4:
For the PN sequence for CP-OFDM, QPSK modulated DMRS is derived from the 
· Alt. 1: length-31 Gold sequence (as in LTE)
· Alt. 2: length-63 Gold sequence

DM-RS signalling & Port-Indication
DM-RS configuration signalling aspects
3.1.8 Key issue 4
	· A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:
· Alt. 1: The maximum number is configured with higher-layer signaling and the actual number with DCI
· Spreadtrum, LGE, NTT DOCOMO
· Alt. 2: The number is configured with higher-layer signaling
· Qualcomm, Ericsson, Lenovo, Intel, Mediatek, vivo
· Alt. 3: The number is configured with DCI, e.g., using TCI indication or DMRS-table-based indication.
· Samsung, Nokia, NSB, Panasonic, ZTE, Sanechips, Huawei, HiSilicon, ITL


3.1.9 Key issue 5
	For PUSCH and signaling of additional DMRS:
· Support dynamic signaling ON/OFF of additional DMRS for the front-load DMRS configuration, or a PTRS pattern that does not depend to MCS to help with the CFO estimation
· Ericsson
· Confirm working assumption that additional DMRS is semi-static
· Nokia, NSB, Spreadtrum, Samsung, LGE



DM-RS port indication tables
3.1.10 Key issue 6
	NR supports a MU-MIMO framework where 
· the gNB may dynamically signal to a UE PDSCH rate matching information on DMRS symbols and
· Alt. 1: that the UE may assume the potential presence of some co-scheduled port(s) based on information in the port indication table. 
· Intel, Qualcomm, Huawei, HiSilicon, Panasonic, Mitsubishi Electric
· Alt. 2: that the UE, when it is configured DMRS port(s) in a specific CDM group, it cannot assume that the other antenna ports in the same CDM group are not associated with transmission of PDSCH to another UE.
· LGE, Samsung, Spreadtrum, Ericsson, Nokia, NSB, KT Corp, vivo.

· The rate matching information on DMRS symbols may indicate 
· Alt. 1: FDM/TDM DMRS and data 
· Spreadtrum, NEC
· Alt. 2: CDM group information
· Ericsson, Huawei, HiSilicon, LGE


3.1.11 Key issue 8 – Few Open questions on DMRS port mapping tables
	· Does NR support separate tables for 1- or 2-symbol DMRS within each configuration?
· Alt 1: No. Panasonic, Samsung, ITL
· Alt 2: Yes. Qualcomm, Spreadtrum (if the maximum number configuration via higher-layer signaling is not supported), vivo
· Does NR restrict the number of ports per UE in SU-MIMO depending on DMRS configurations and/or 1-symbol or 2-symbol DMRS
· Alt 1: No. 
· Alt 2: Yes. Panasonic
· Does NR restrict the number of users in MU-MIMO depending on DMRS configurations and/or 1-symbol or 2-symbol DMRS
· Alt 1: No
· Alt 2: Yes. Panasonic



Proposal 5:
NR supports a MU-MIMO framework where 
· the gNB may dynamically signal to a UE PDSCH rate matching information on DMRS symbols and
· Alt. 1: that the UE may assume the potential presence of some co-scheduled port(s) based on information in the port indication table. 
· Alt. 2: that the UE, when it is configured DMRS port(s) in a specific CDM group, it cannot assume that the other antenna ports in the same CDM group are not associated with transmission of PDSCH to another UE.
· Note: A UE in MU-MIMO should be scheduled ports first from a specific CDM group, and then across CDM groups.
· The rate matching information on DMRS symbols may indicate CDM group information.
Proposal 6:
R1-1718965, WF on DMRS configuration for MU-MIMO, “LG Electronics, Qualcomm, Ericsson, Nokia, Nokia Shanghai Bell, Panasonic, Samsung, CATT, Intel, ZTE, Sanechips”
Proposal 7 (status based on Tdocs and previous offline):
A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:
· Alt. 1: The maximum number is configured with higher-layer signaling and the actual number with DCI
· Spreadtrum, LGE, NTT DOCOMO
· Alt. 2: The number is configured with higher-layer signaling
· Qualcomm, Ericsson, Lenovo, Intel, Mediatek, vivo
· Alt. 3: The number is configured with DCI, e.g., using TCI indication or DMRS-table-based indication
· Samsung, Nokia, NSB, Panasonic, ZTE, Sanechips, Huawei, HiSilicon, ITL
UL DMRS configuration aspects
Additional DMRS for PUSCH without a hop
3.1.12 Key issue 13
	· For the scenario of fixed position of front-load DMRS with respect to the slot (3rd or 4th or both) (if supported) reuse all DL DMRS configurations for UL DMRS with respect to additional symbols 
· Ericsson, Samsung
· For the scenario of fixed position of front-load DMRS with respect to the slot (3rd or 4th or both) (if supported) at least some configurations including additional DMRS for PUSCH is in the symbols not allocated for DL DMRS for the sake of flexible duplexing
· Huawei, HiSilicon
· For the scenario of front-load DMRS on the first symbol of with respect to the scheduled UL data, starting counting from the front-load DMRS
· One 1-symbol additional DMRS can be configured on the
· 5th, 7th, 9th, 11th symbol
· Qualcomm
· Two 1-symbol additional DMRS can be configured on the 
· 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th, 11th symbol respectively. 
· Qualcomm
· Three 1-symbol additional DMRS can be configured on the 
· 4th, 7th, 10th for a PUSCH spanning 12 symbols, starting counting from the front-load DMRS.
· Qualcomm



Additional DMRS for PUSCH with a hop
3.1.13 Key issue 14
	· For the 1-symbol front-load, support up to one additional DMRS in each hop 
· in the 5th symbol of each hop, starting counting from the front-load DMRS of the hop which is located in the first symbol of PUSCH.
· Qualcomm, Ericsson
· The 2nd DMRS of the 1st hop is located on the last symbol of the 1st hop and the 2nd DMRS of the 2nd hop reuses the location of the last additional DMRS w/o frequency hopping
· Huawei, HiSilicon

· For DMRS for DFT-S-OFDM PUSCH with a hop, front-loaded DMRS for 2nd hop is located on the first symbol of PUSCH within the hop.
· NTT DOCOMO, Huawei, HiSilicon, Qualcomm



DMRS pattern for DFT-S-OFDM waveform
3.1.14 Key issue 15
	· For DFT-S-OFDM based PUSCH DMRS, NR should support LTE UL DMRS-like structure (i.e. RPF=1)
· Nokia, NSB, Samsung




Proposals

[bookmark: _GoBack]Proposal 8:
· For the PUSCH without a hop where front-load DMRS is located in the first symbol with respect to the scheduled UL data,
· one 1-symbol additional DMRS can be configured on the 5th, 7th, 9th, 11th symbol starting counting from the front-load DMRS. The one additional DMRS can be configured in the
· 11th symbol for a PUSCH spanning 12 symbols
· 9th symbol for a PUSCH spanning 10 to 11 symbols
· 7th symbol for a PUSCH spanning 8 to 9 symbols
· 5th symbol for a PUSCH spanning 5 to 7 symbols

· Two 1-symbol additional DMRS can be configured on the 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th,11th symbol respectively, starting counting from the front-load DMRS

· Three 1-symbol additional DMRS can be configured on the 4th, 7th, 10th for a PUSCH spanning 12 symbols, starting counting from the front-load DMRS.
[image: ]	[image: ]	[image: ]


Other issues: Power boosting, power imbalance, QCL 
DMRS of FDM/TDM and Data for PUSCH
3.1.15 Key issue 17
	· When UL data is scheduled in the same slot with corresponding UL grant, only support TDM between UL front loaded DMRS and data.
· ZTE, Sanechips, Qualcomm



Power boosting
3.1.16 Key issue 18
	· DMRS power boosting should be adopted in DMRS symbols depending on PDSCH rate matching.
· KT Corp., LGE
· Consider the power boosting of making DMRS RE and data RE at same power level from UE perspective. The power boosting on DMRS to cause multiple power levels on DMRS RE and data RE is not considered
· Mediatek, vivo



OCC and power imbalance problem
3.1.17 Key issue 19
	· Specification-based solution to handle the power imbalance of OCC (FFS: Details)
· Mediatek, Speadtrum, LGE, Intel, ITL
· No Specification-based solution to handle the power imbalance of OCC
· Samsung, Nokia, NSB, ZTE, Sanechips, Qualcomm



QCL assumptions on DMRS ports
3.1.18 Key issue 20
	· CDMed DMRS ports are QCLed
· Huawei, HiSilicon
Note: in previous agreement: From UE perspective, frequency domain CDMed DMRS ports are QCLed. Here, in the case of two symbols FL DMRS, since the 4 ports are CDMed in both frequency domain and time domain, so, the clarification on whether 4 ports in the CDM group are QCLed as well should be made.
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