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1 Introduction
In RAN1#86, the following was agreed with respect to the demodulation RS (DMRS) requirements for new radio (NR) [1]:
In addition to the front-loaded RS agreed to study in RAN1#85, same or extended/additional RS is studied in NR of at least the following:
· Estimate/compensate Doppler parameters
· Compensate phase rotation and frequency offset
· Note that RS may or may not be UE-specific
This contribution focuses on the DMRS structure to estimate/compensate high Doppler and then discusses DMRS configurations by considering the wide range of scenarios considered in NR. The additional RS structure to compensate phase noise for high carrier frequency is discussed in a companion contribution [2].
2 DMRS design aspects
For low latency support in NR, DMRS needs to be located at the beginning of the transmission slot as agreed in RAN1#85. In addition, the study of extended/additional RS structures for NR was agreed in RAN1#86 because the NR interface need to support operation with high mobility and in high frequency bands. For example, for high Doppler operation, DMRS transmission instances can be provided to UE in addition to the DMRS in the beginning of the transmission slot [3-6] in order to compensate the channel variation during the remaining of the transmission slot. Further, DMRS needs to enable frequency offset correction and this can at least occasionally require two DMRS transmissions per transmission slot. An additional aspect for the DMRS design is the support of different numerologies. In RAN1#86, it was agreed that NR numerology scalability should allow subcarrier spacing at least from [3.75 kHz] to 480 kHz [1]. Then, supporting more than one frequency domain DMRS density may be necessary.
Observation 1: For NR DMRS design, support of variable DMRS density is needed in both the time and the frequency domain due to the need to support low latency, high mobility, frequency offset correction, different carrier frequencies, and different numerologies.
Proposal 1: NR supports multiple DMRS densities both in the time domain and in the frequency domain.
In order to support multiple DMRS densities in the time domain and the frequency domain, the DMRS structure should be configurable. For DMRS configuration in the time domain, additional configurations based on the minimum RS transmission (front-loaded RS) are needed. Considering the motivation for the front-loaded RS, a DMRS pattern for front-loaded RS needs to be defined that consists of DMRS REs in one OFDM symbol selected from first x OFDM symbols of a slot. Based on this baseline pattern, at least one extended DMRS pattern can be configured. The extended pattern consists of the DMRS REs in the baseline pattern and additional DMRS REs mapped in additional DMRS symbol(s) selected from the rest of the x OFDM symbols. In these baseline and extended DMRS patterns, the frequency density of DMRS can be configured (or defined) separately at least for different numerologies. 
Observation 2: For the time domain configuration of the DMRS structure, a baseline pattern can correspond to minimum RS transmission.

· Front-loaded RS provides minimum DMRS transmission in NR.

Proposal 2: NR supports UE-specific configuration of DMRS RE mapping pattern, selected between a baseline pattern and at least one extended pattern.
· The baseline pattern is based on the front-loaded RS.
· The front-loaded RS consists of DMRS REs mapped on a single OFDM symbol from the first x OFDM symbols of a slot.
· An extended DMRS pattern consists of the REs in the baseline pattern and of additional REs mapped in additional symbol(s) from the x OFDM symbols.

· In these patterns, the frequency density of DMRS is UE-specifically configured.
In addition to different scenarios of low latency, high mobility, different carrier frequency, and different numerology, DMRS configurability can also be beneficial in other aspects. For instance, NR may allow data transmission that spans multiple transmission slots [1]. In this case, the frequency density for DMRS REs in the first slot may need to be high since no prior information on the channel exists. However, in the remaining slots, the UE can acquire accurate channel estimation based on the prior knowledge in the first slot under the assumption of a same precoder. Especially, when the slot duration is short, the flexible configuration of DMRS patterns will increase DMRS overhead efficiency. Another example is for a robust DMRS transmission. Specifically, NR DMRS should provide sufficient channel estimation accuracy in low SINRs as the LTE CRS does. Therefore, more dense DMRS density needs to be configured to UEs experiencing low SINRs while less dense DMRS density can be configured to UEs experiencing high SINRs. An indication of a DMRS pattern can be explicit through a DMRS pattern field in a DCI format scheduling a PDSCH transmission. In addition, UE feedback on a preferred DMRS structure can be considered in order to help DMRS configuration at the network side. This is because channel conditions, such as received SINR and delay spread can be more accurately or quickly measured by the UE especially for FDD systems. For another example, an implicit indication of a DMRS pattern can be through carrier frequency, numerology in NR, because DMRS RE mapping pattern of PDSCH transmitting common control information (e.g. SIBs, Paging) cannot be configured by RRC signaling. In this aspect, we propose: 
Proposal 3: Study signaling for DMRS configuration and mechanisms that assist DMRS pattern selection by the network.
Regarding the DL DMRS and the UL DMRS structures, 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 neighboring 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. Therefore, we propose: 
Proposal 4: Consider DL/UL symmetrical RS structures to facilitate cross-link interference cancellation.
3 Conclusions
This contribution summarizes Samsung’s view on DMRS design for NR. The following observations and proposals are made:
Observation 1: For NR DMRS design, support of variable DMRS density is needed in both the time and the frequency domain due to the need to support low latency, high mobility, frequency offset correction, different carrier frequencies, and different numerologies.
Proposal 1: NR supports multiple DMRS densities both in the time domain and in the frequency domain.
Observation 2: For the time domain configuration of the DMRS structure, a baseline pattern can correspond to minimum RS transmission.

· Front-loaded RS provides minimum DMRS transmission in NR.

Proposal 2: NR supports UE-specific configuration of DMRS RE mapping pattern, selected between a baseline pattern and at least one extended pattern.
· The baseline pattern is based on the front-loaded RS.
· The front-loaded RS consists of DMRS REs mapped on a single OFDM symbol from the first x OFDM symbols of a slot.
· An extended DMRS pattern consists of the REs in the baseline pattern and of additional REs mapped in additional symbol(s) from the x OFDM symbols.

· In these patterns, the frequency density of DMRS is UE-specifically configured.
Proposal 3: Study signaling for DMRS configuration and mechanisms that assist DMRS pattern selection by the network.
Proposal 4: Consider DL/UL symmetrical RS structures to facilitate cross-link interference cancellation.
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