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Introduction
In RAN1 #88bis, the following has been agreed for DM-RS design for NR [1].

Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS
Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting
Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.

In this contribution, we discuss further details on the demodulation reference signal (DM-RS) design for NR.
DM-RS Design
The DM-RS is a key aspect of the NR design, because it directly impacts the channel estimation accuracy.  One of the important design criteria regarding DM-RS is the density of pilot symbols in time and frequency, which is currently being studied. 
Additionally, since it has been agreed that both OFDM and DFT-s-OFDM are supported in the UL for NR Phase 1, the DM-RS design for UL should be compatible with both of these waveforms.
The DM-RS should be designed to support MIMO as it is essential to meet the NR requirements. In terms of maximum number of layers for SU-MIMO, it has been agreed to support at least up to 8 layers in downlink and 4 layers in uplink, thus achieving spatial multiplexing gain as similar to LTE. To fully exploit the spatial multiplexing gain, it is recommended to support orthogonal DM-RS for the number of layers used for SU-MIMO operation in order to avoid unnecessary UE receiver complexity as well as inter-layer interference. The orthogonal DM-RS for MU-MIMO is also important to minimize interference from co-scheduled UE for the channel estimation.
For the uplink DM-RS for MU-MIMO operation, it has been an issue that uplink DM-RS is not orthogonal for different UEs if the scheduled resource is not identical since the sequences for the uplink DM-RS are not orthogonal if it is partially overlapped. Therefore, IFDMA DM-RS has been introduced for eFD-MIMO in LTE, which allows orthogonal DM-RS for the UEs scheduled with a different uplink resource blocks. The IFDMA DM-RS uses Comb style reference signal with different frequency offset (as similar to SRS in LTE), so that the reference signals using a different frequency offset are orthogonal each other in frequency domain irrespective of the uplink resource blocks scheduled for the UEs.
As uplink MU-MIMO is essential for NR to enable massive connections with massive Tx/Rx antennas at the gNB, the number of orthogonal DM-RS should be enough to support the MU-MIMO operation. Means to increase the number of orthogonal DM-RS, such as OCC and IFDMA, should be considered for the DM-RS design.
Proposal-1: IFDMA is supported at least for uplink DM-RS.
It has been agreed that OFDM and DFT-s-OFDM are used as uplink waveform, where the DFT-s-OFDM has been introduced for a coverage limited UE. Since two uplink waveforms are used, a unified uplink DM-RS structure should be studied in order to avoid unnecessary specification efforts and/or UE implementation complexity.
In the context of flexible DM-RS structure, the DM-RS density can be flexibly configured with a default DM-RS and an additional DM-RS. Figure 1 shows the potential options for the default DM-RS and additional DM-RS with following two cases:
1. DM-RS and data are transmitted in the same OFDM symbol as illustrated in Figure 1 (b). In this case, the output of the DFT block in DFT-s-OFDM may need to be punctured to accommodate the additional reference symbols as illustrated in Figure 2.
2. DM-RS and data are not transmitted in the same OFDM symbol as illustrated in Figure 1 (c). In this case, the reference symbols can directly be mapped to the subcarriers for both OFDM and DFT-s-OFDM, such as in LTE. Note that this option may result in higher overhead as the required density of the RS in time increases, for example when the UE speed is very high.
For both cases, the DM-RS for different UEs can be multiplexed in frequency (e.g., IFDMA) as illustrated in Figure 1, and/or the code domain.
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Figure 2 Puncturing the DFT output to insert reference symbols in DFT-s-OFDM
Proposal-2: A unified uplink DM-RS for OFDM and DFT-s-OFDM with default/additional DM-RS is supported
The front-loaded DM-RS structure has been agreed at least for downlink and it is located at the first one or two OFDM symbols in a slot. The front-loaded DM-RS structure is beneficial as a UE can start channel estimation earlier which may reduce the receiver processing delay since it can start demodulation earlier once the estimated channel information is available. On the other hand, if channel varies within a slot, demodulation performance can be significantly degraded.
Hence, the use of additional DM-RS which may be transmitted in a later OFDM symbol within the same slot has been proposed, thus improving channel estimation performance when a Doppler frequency is high as a UE can perform time-domain channel interpolation within a slot. Furthermore, the additional DM-RS can also provide a benefit if a UE is in low-SNR region as it can obtain a higher processing gain from higher the DM-RS density.
The reference signal overhead could be a potential drawback if the additional DM-RS is transmitted always. Note that the additional DM-RS may not provide any gain in some cases (e.g., high SNR with low Doppler frequency). To address this issue, a dynamic indication or configuration to turn-on/off the additional DM-RS has been proposed. Since the channel condition of a UE is not changed dynamically, semi-static configuration of additional DM-RS seems to be sufficient.
Proposal-3: additional DM-RS symbol is supported and configurable in a semi-static manner
In the previous RAN1 meeting, a couple of options has been discussed for antenna ports multiplexing when two OFDM symbols are used for the front-loaded DM-RS. Since the DM-RS ports can be used for MU-MIMO operation, it is important if a full power transmission is supported and/or a flexible frequency domain MU scheduling is supported. An OCC has been used for reference signals to multiplex antenna ports in LTE which provides full power transmission as well as flexible frequency domain MU scheduling. Therefore, OCC seems to be a good candidate for DM-RS port multiplexing within the front-loaded DM-RS symbols. On the other hand, the other option such as TDM may not allow a full power transmission when MU-MIMO is used.
Proposal-4: OCC for 2 front-loaded DM-RS symbols is used to multiplex antenna ports
Conclusion
This contribution discussed the design considerations for DM-RS for NR. The following was proposed:
Proposal-1: IFDMA is supported at least for uplink DM-RS.
Proposal-2: A unified uplink DM-RS for OFDM and DFT-s-OFDM with default/additional DM-RS is supported
Proposal-3: additional DM-RS symbol is supported and configurable in a semi-static manner
Proposal-4: OCC for 2 front-loaded DM-RS symbols is used to multiplex antenna ports
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