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Introduction
This contribution is revised from R1-1714144.
In RAN1 #90, the following has been agreed as a progress for DM-RS design for NR [1]:

Agreements:
· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH
· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping
Agreements:
· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset 
· FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)
· FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)
· FFS the values of scrambling ID
· FFS other parameters
Agreements:
· A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:
· By UE-specific higher layer signaling 
· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS

In this contribution, we discuss remaining details on the DM-RS design for NR.
Discussions
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 based on 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 to the presence of UCI for a PUSCH transmission as shown in the Figure 1.
The use of always on additional DM-RS can be limited to a high priority UCI (e.g., HARQ-ACK) as a higher reliability is required for HARQ-ACK transmission as compared to that of other types of UCI or a data channel. In addition, a larger number of HARQ-ACK bits may need to be supported in NR due to CBG based retransmission support as well as multi-TRP operations.  
Proposal-1: additional DM-RS is always present when a UCI (at least for a high priority UCI) is present on PUSCH


[bookmark: _Ref485290875]Figure 1 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 based on 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 and 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-2: 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 is always present when a UCI (at least for a high priority UCI) is present on PUSCH
Proposal-2: no explicit power boosting for DM-RS is supported in NR
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