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Introduction
In RAN1 NR-Adhoc #2, the following has been agreed as a progress for DM-RS design for NR [1]:

Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

In this contribution, we discuss remaining details on the demodulation reference signal design for NR.
Discussions
It has been agreed to support additional DMRS symbols with a same density in frequency domain compared to the front loaded DMRS. Use of an additional DM-RS may be beneficial when the channel change within a slot is large enough to reduce the channel estimation quality of the later OFDM symbols and/or the SINR level is low enough so that a larger number of channel samples is needed to suppress noise and interference for better channel estimation accuracy. However, having the additional DM-RS symbol to have the same density as the front loaded DM-RS may result in unnecessary overhead, especially when the DM-RS symbols need to be spread in time, for example to support high mobility, as shown in the examples of Figure 1. Therefore, it may be beneficial to support reduced density additional DM-RS, at least for the OFDM waveform. Since the channel condition of a UE does not change dynamically, semi-static configuration of additional DM-RS seems to be sufficient.

Proposal-1: Additional DM-RS with a different level of reduced density is supported and configurable in a semi-static manner
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[bookmark: _Ref485290564]Figure 1 Examples of additional DM-RS with various densities
It has been agreed in the RAN1 #89 meeting that uplink control information (UCI) can be piggybacked in the PUSCH [1]. In LTE, the UCI has been transmitted in more reliable time/frequency locations within a PUSCH resource according to the priority. For example, HARQ-ACK and RI has been located next to the DM-RS symbols to guarantee the channel estimation performance for the prioritized UCIs. As similar to the LTE, when UCI is transmitted, the channel estimation performance should be reliable at least for the UCI reception. Since the DM-RS density can be configurable (e.g., at least with/without additional DM-RS), it seems to be beneficial to support a different level of DM-RS density according the presence of UCI for a PUSCH transmission as shown in the Figure 2.

Proposal-2: a different level of DM-RS density can be used according to the presence of UCI in PUSCH
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[bookmark: _Ref485290875]Figure 2 UCI transmission in PUSCH with additional DM-RS
In LTE, the DM-RS power boosting has been supported implicitly as the fixed power ratio between DM-RS port and data RE is used. Therefore, if DM-RS power is boosted, the data RE power should be boosted as well to keep the same ratio unless the scheduled PDSCH is QPSK modulation order. In NR, it has been proposed to support DM-RS power boosting. The power boosting of DM-RS can provide better channel estimation accuracy especially in low SNR range while the gain could be marginal in high SNR range. 
Since the QPSK is mostly used in low SNR range, UE transparent power boosting can be used without indication of dynamic power ratio while no power boosting is necessary in high SNR range. Therefore, as similar to LTE, the fixed power ratio between DM-RS ports and data REs is used for NR and UE transparent power boosting in low modulation order can be used.
Proposal-3: no explicit power boosting for DM-RS is supported in NR
Conclusion
This contribution discussed the design considerations for DM-RS for NR. The following was proposed:
Proposal-1: Additional DM-RS with a different level of reduced density is supported and configurable in a semi-static manner
Proposal-2: A different level of DM-RS density can be used according to the presence of UCI in PUSCH
Proposal-3: no explicit power boosting for DM-RS is supported in NR
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