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Introduction
In RAN1#88, the following agreements were made [1]: 
	Agreements:
· Confirm working assumption with some updates:
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR

Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider  whether to use UE-assisted configuration of PRG size

Working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations




Based on the submitted contributions in RAN1#88bis for this agenda item ([2] - [17]), at least the following issues are identified and summarized in the following sections. 
Due to the many issues remaining for DMRS, only a few are identified here following the topics in the submitted WFs. 
· Number of orthogonal ports for DL MU-MIMO
· Port multiplexing in front-load DMRS
· DMRS for high Doppler scenario
· Location of the front-load DMRS

Number of orthogonal ports for DL MU-MIMO 
At least the following companies present system level results for the sub6 band that indicate clear performance gains from supporting more than 8 orthogonal ports for DL MU MIMO: 
· Huawei, HiSilicon, Mitsubishi, Nokia, ASB
At least the following companies present system level results for the sub6 band that do not indicate clear performance gains from supporting more than 8 orthogonal ports for DL MU MIMO (Note: up to 16 semi/quasi-orthogonal ports were simulated): 
· Samsung, LG Electronics, Qualcomm, Fujitsu

Port multiplexing in front-load DMRS structure
At least the following companies consider port multiplexing for the front-load DMRS structure in the frequency domain with:
· IFDM structure (Comb structure) with CDM in frequency
· Qualcomm, Ericsson, Nokia, ASB, NTT DOCOMO, LGE, CEWiT, IIT-H, IIT-M, Tejas Networks
· OCC in adjacent REs in frequency 
· Huawei, HiSilicon, ZTE, ZTE Microelectronics, Samsung, Intel, ASTRI, MediaTek, Mitsubishi Electric Co., CATT

DMRS for high Doppler scenario
At least the following companies support additional DMRS with the same density compared to front-loaded DMRS:
· Samsung, Qualcomm Incorporated, ETRI, CATT, Ericsson, vivo, KT Corp, Nokia, ASB, MediaTek
At least the following companies support additional DMRS with a lower density compared to front-loaded DMRS:
· ZTE, ZTE Microelectronics, Huawei, HiSilicon,

Location of front-load DMRS structure
Regarding the location of the front-load DMRS, at least the following companies propose:
· The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· NTT DOCOMO, Qualcomm, Ericsson, Nokia, ASB, Samsung, CEWiT, IIT-H, IIT-M, Tejas Networks, MediaTek
· The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
· ZTE, ZTE Microelectronics, 

At least one company (Samsung) indicates that the following related agreement has been made in RAN1 NR1 ad-hoc meeting (in NR-PDCCH AI):
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot     

Number of ports in front-load DMRS
Regarding the number of ports in the 1-symbol front-load DMRS, at least the following companies propose:
· 1-symbol front-load DMRS
· Up to 4 ports: ZTE, ZTE Microelectronics, Huawei, HiSilicon, CATT, Samsung
· Up to 8 ports: Ericsson
· Up to maximum ports: Qualcomm, MediaTek
At least one company (LG) proposes that 1-symbol front-load DMRS is used for 4 ports but do not include position for more ports.
WFs 
In addition to the above topics, the following WFs are identified to the best of our knowledge:

· [R1-1706310]  “WF on the number of DL orthogonal DM-RS ports”, Huawei, HiSilicon, AT&T, IITM, Softbank, CeWiT, CMCC, IITH, Tejas Networks, MediaTek, CATT, CATR, Nokia, ASB, Mitsubishi Electric, NTT DOCOMO, Fujitsu, China Unicom, Deutsche Telekom, KDDI, TELECOM ITALIA, Xinwei

· [R1-1706462]   “WF on DL front loaded DMRS”, ZTE, ZTE Microelectronics, Huawei, HiSilicon, Samsung, Intel, ASTRI, Xinwei, MediaTek, vivo, Mitsubishi Electric Co., CATT, CATR, Spreadtrum, KT Corp, CHTTL

· [R1-1706508]  “WF on DM-RS”, NTT DOCOMO, Ericsson, Qualcomm, LGE, Nokia, ASB, CEWiT, IIT-H, IIT-M, Tejas Networks

· [R1-1706543]  “Additional DMRS structure” Samsung, Qualcomm, ETRI, CATT, Ericsson, vivo, KT Corp

· [R1-1706542]   “WF on DMRS and DC subcarrier”, Samsung, CATT, Xinwei, PANASONIC, ZTE, ZTE Microelectronics
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