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1. Introduction

The design of uplink and downlink DMRS was discussed in previous meetings. In RAN1#88 meeting, the agreements on DMRS design were summarized below.
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

Agreements:

· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:

· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:

· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM

· Possible frequency domain configurations considering:

· DMRS overhead 

· Channel estimation performance

· Possible time domain configurations assuming the following scenarios 

· Low, Medium, high, & very high mobility

· Carrier frequency

· Latency
To strive for a common DMRS structure for DL and UL at least for CP-OFDM, the design of UL DMRS should also consider the progressing of DL DMRS. In this contribution, we discuss the design of UL DMRS for different waveforms based on current conclusions on DL/UL DMRS.
2. Discussion
2.1. Resource and sequence for UL DMRS
For UE configured with DFT-S-OFDM waveform, low PAPR should be ensured for both data and DMRS. For UL DMRS, reusing PN sequence can simplify the DMRS design and benefit the multiplexing between different waveforms, but the high PAPR would degrade the performance. It is preferred to reuse ZC-sequence for DFT-S-OFDM and then the DMRS design in LTE can be reused as much as possible to simplify the specification effort.
Proposal 1:  For DFT-S-OFDM waveform, use ZC-sequence as DMRS sequence.
It is FFS one or two adjacent OFDM symbols are allocated for front-load DMRS. The decision should consider the number of DMRS ports. For DFT-S-OFDM, the DMRS should occupy the whole symbol, and more than 1 symbol would lead to very high overhead which are unnecessary considering only single layer is supported per UE. For CP-OFDM, one OFDM symbol is sufficient for case of no more than 4 DMRS ports, considering the decoding latency and multiplexing with DFT-S-OFDM waveform. In this case, CDM and FDM as DL DMRS can be considered for multiplexing of multiple DMRS ports in one symbol. 
Proposal 2:  Front-load DMRS is mapped to 1 OFDM symbol for CP-OFDM with no more than 4 DMRS ports and DFT-S-OFDM. 
2.2. DMRS design for MU-MIMO
In UL transmission, MU-MIMO between different waveforms is an important multiplexing scenario. Different OFDM symbols are not likely to be used for DMRS of different waveforms considering overhead. Then CDM or FDM can be adopted. FDM is available only when the DMRS sequence occupies part of subcarriers. However, for CP-OFDM waveform, the reversed subcarriers in a DMRS symbol should be used to transmit data to improve spectrum efficiency. In this case, FDM between DMRS sequences of different waveforms would lead to significant interference. Therefore, CDM based multiplexing is more feasible for interference restriction and resource efficiency.
Proposal 3: CDM based multiplexing among UEs configured with different waveforms is supported.

Assuming one OFDM symbol is allocated for UL DMRS, frequency domain OCC based or cycling shift based multiplexing can be considered for orthogonal DMRS multiplexing among different waveforms. Cyclic shift based multiplexing is preferred since frequency domain OCC would suffer from short sequence and restricted multiplexing capacity especially when the transmission bandwidth is small. Cyclic shift has been widely applied in LTE and requires the same base sequence for multiplexed DMRS. Considering the low PAPR requirement of DFT-S-OFDM, it is recommended to support ZC sequence for CP-OFDM waveform when multiplexed with DFT-S-OFDM. A signaling to support dynamic configuration of DMRS sequence types could be supported for CP-OFDM since the UE multiplexing may be dynamically scheduled.
By following we analyze the configurations of DMRS sequence for different transmission scenarios. The DMRS overhead is assumed to be constant for one DMRS port and one waveform to simplify the RE mapping and align the performance.

· For UEs configured with CP-OFDM waveform
· SU-MIMO: PN sequence, CDM/FDM among DMRS ports
· MU-MIMO with CP-OFDM waveform: PN sequence, different DMRS ports for different UEs
· MU-MIMO with DFT-S-OFDM waveform: ZC sequence, cycling shift based multiplexing
· For UEs configured with DFT-S-OFDM waveform

· SU-MIMO: ZC sequence with RPF=1, cycling shift based multiplexing among DMRS ports
· MU-MIMO with CP-OFDM waveform: ZC sequence with RPF=N, N is the RPF of DMRS sequence for CP-OFDM, cycling shift based multiplexing
· MU-MIMO with DFT-S-OFDM waveform: ZC sequence with RPF=1, cycling shift based multiplexing among UEs
If FDM among different DMRS ports/data is supported for CP-OFDM waveform, the RPF of DMRS sequence for one DMRS port could be larger than 1. In this case, a ZC sequence with the same RPF could also be supported for DFT-S-OFDM for the waveform multiplexing as shown in Fig.1.The reserved resource in Fig.1(c) could be left zero-power or used to transmit another DMRS sequence.
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(a) CP-OFDM, SU/MU-MIMO       (b) DFT-S-OFDM, SU-MIMO     (c) DFT-S-OFDM, MU with CP-OFDM
Fig.1 Examples of DMRS pattern for different waveforms assuming single DMRS port
Proposal 4: Both PN sequence and ZC sequence are supported for UEs configured with CP-OFDM waveform via dynamic configuration.
Proposal 5: For UEs configured with DFT-S-OFDM waveform, an IFDM based DMRS sequence is supported if FDM is used to multiplex different DMRS ports for CP-OFDM waveform.
3. Conclusions
In this contribution, we discuss the design of UL DMRS for DFT-S-OFDM and CP-OFDM waveforms considering the UL requirements and compatibility with DL DMRS. We have the following proposals:
Proposal 1:  For DFT-S-OFDM waveform, use ZC-sequence as DMRS sequence.
Proposal 2: Front-load DMRS is mapped to 1 OFDM symbol for CP-OFDM with no more than 4 DMRS ports and DFT-S-OFDM.
Proposal 3: CDM based multiplexing among UEs configured with different waveforms is supported.

Proposal 4: Both PN sequence and ZC sequence are supported for UEs configured with CP-OFDM waveform via dynamic configuration.
Proposal 5: For UEs configured with DFT-S-OFDM waveform, an IFDM based DMRS sequence is supported if FDM is used to multiplex different DMRS ports for CP-OFDM waveform.
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