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1 Introduction
Related to UL DMRS design, the followings were agreed in RAN1#86bis [1] for NR waveform as:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
In addition, the following was agreed in RAN1#87 [2] meeting for DMRS design as:
· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL
In addition, the following was agreed in RAN1 NR AH meeting [3] for DC subcarrier as:
· UL

· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver, and whether NR design would offer the possibility of collision free operation

· Note that this does not create the requirement for receiver on receiver DC subcarrier handling

Based on the agreements listed above, in this contribution, we discuss on UL DMRS design for NR including RS pattern, sequence, and, UL/DL symmetry.
2 Discussion for UL DMRS
UL waveform and DMRS design
According to the agreements for NR waveform, both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs. The use for DFT-S-OFDM is limited to a single stream transmissions targeting for link budget limited cases while CP-OFDM can be used for a single-stream and multi-stream (i.e. MIMO) transmissions. Therefore, the requirements for designing UL reference signal would be different depending on applied NR waveform. For UL transmission, UE may experience a power-limited situation and thus it is necessary to support single-carrier property and maintain low PAPR/CM since those factors can translate into higher UL transmission power. In principle, transmitting reference signals together with other UL transmissions from the same UE is not efficient. For this reason, in LTL system, DFT-S-OFDM symbols are exclusively designed for DMRS transmission. In addition, ZC sequence is used in UL transmissions in order to maintain the low PAPR property whereas PN sequence is used in DL transmission. On the other hand, for CP-OFDM, above requirements for maintaining low PAPR/CM may not be required for UL DMRS design. The observation and proposal from this section can be summarized as:
Observation1: In NR, CP-OFDM and DFT-S-OFDM can be used in different scenario for UL transmission and the requirements for UL DMRS design can be different depending on an applied waveform.
Proposal1: UL DMRS for DFT-S-OFDM waveform should be designed to guarantee robust performance in a power-limited situation. 
· UL DMRS for DFT-S-OFDM is time-multiplexed with other UL transmission from the same UE.

· ZC sequence is used to maintain low PAPR property.
UL/DL symmetry for DMRS design
According to the agreements for DMRS design, one of issues is DL/UL symmetry for DMRS design. One objective of NR system is to enable a network to instantaneously adapt to traffic characteristics and enable time domain multiplexing (TDM) of traffic types with different transmission characteristics that can possibly include different symbol durations or different slot durations. This objective requires that, for flexible duplex operation, a slot type (DL, UL, or hybrid) is not predetermined and can be adjusted per slot based on gNB scheduling. Adjusting a slot type among gNBs in an uncoordinated manner can create cross-link interference in neighbouring cells when a different slot type is used for transmission in each cell. Cross-link interference cancellation is then required particularly at a gNB as DL interference is typically much stronger than UL interference. To enable such interference cancellation at a first gNB, in addition to information related to scheduling of DL transmissions from an interfering second gNB, the first gNB needs to be able to obtain accurate estimates of a channel medium experienced by interfering DL transmissions from the second gNB and UL transmission to the first gNB. This can be facilitated by enabling orthogonal, interference-free, transmissions of DL DMRS and UL DMRS. However, as we discussed in above section, UL DMRS for DFT-S-OFDM should be designed to grantee robust performance in a power-limited situation. Therefore, at least for CP-OFDM, DL/UL symmetrical DMRS design can be supported. The observation and proposal from this section can be summarized as:
Observation2: DL/UL symmetrical DMRS design enables orthogonal transmission of DL and UL DMRS in flexible duplex operation and facilitates cross-link interference management between DL and UL.
Proposal2: Support DL/UL symmetrical DMRS design for CP-OFDM waveform.
DC subcarrier and DMRS design
According to the agreements for DC subcarrier, it is suggested that avoiding collision between DC subcarrier and DMRS if possible. In order to avoid collision between DC subcarrier and DMRS, all subcarriers cannot be used for DMRS. However, when low CM value and PA efficiency for UL transmission are considered, it is efficient all subcarriers in certain DFT-S-OFDM symbols are used for DMRS transmission. In this aspect, for DFT-S-OFDM, the trade-off between low PAPR/CM and avoiding collision between DC subcarrier and DMRS should be carefully studied. On the other hand, avoiding collision between DC subcarrier and DMRS can be considered for CP-OFDM waveform. The observation and proposal from this section can be summarized as:
Observation3: For DFT-S-OFDM, trade-off between low PAPR/CM and avoiding collision between DC subcarrier and DMRS should be carefully studied. 
Proposal3: For UL DMRS pattern of CP-OFDM, avoiding collision between DC subcarrier and DMRS should be considered.
The additional issues on DC subcarrier handling are discussed in a companion contribution in more details [4].
3 Conclusions
In conclusion, we have following observations and proposals:
Observation1: In NR, CP-OFDM and DFT-S-OFDM can be used in different scenario for UL transmission and the requirements for UL DMRS design can be different depending on an applied waveform.

Proposal1: UL DMRS for DFT-S-OFDM waveform should be designed to guarantee robust performance in a power-limited situation. 

· UL DMRS for DFT-S-OFDM is time-multiplexed with other UL transmission from the same UE.

· ZC sequence is used to maintain low PAPR property.
Observation2: DL/UL symmetrical DMRS design enables orthogonal transmission of DL and UL DMRS in flexible duplex operation and facilitates cross-link interference management between DL and UL.

Proposal2: Support DL/UL symmetrical DMRS design for CP-OFDM waveform.
Observation3: For DFT-S-OFDM, trade-off between low PAPR/CM and avoiding collision between DC subcarrier and DMRS should be carefully studied. 
Proposal3: For UL DMRS pattern of CP-OFDM, avoiding collision between DC subcarrier and DMRS should be considered.
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