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Introduction
So far, the following agreements related to NR DM-RS design have been made in RAN1:
[bookmark: _GoBack]Agreements in RAN1 #85 [1]:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded.

Agreements in RAN1 #86 [2]:
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

Agreements in RAN1 #86bis [3]:
· At least the following RSs are supported for NR downlink
· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: channel state information estimation and interference estimation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for time/freq. tracking
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for Radio link monitoring
· FFS whether new RS or RS for other functionalities can be used
· RS for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
In this contribution, we present our views on the demodulation reference signal (DM-RS) design for NR.
NR DM-RS Design
The DM-RS is a key aspect of the NR design, because it directly impacts the channel estimation accuracy. It has been agreed that the UE-specific, beamformed DM-RS philosophy of LTE should continue to be used in NR. One of the important design criteria regarding DM-RS is the density of pilot symbols in time and frequency which may depend on the Doppler spread and channel delay spread respectively.  Given that NR has to support a variety of use cases with different requirements, and waveforms with multiple numerologies, the optimal density of DM-RS would be different for each set of parameters. Therefore, it may be necessary to support several DM-RS structures (mapping, density, sequence, etc.) corresponding to different scenarios.
In addition to supporting multiple DM-RS structures, it may be beneficial to adaptively control the amount of UE-specific resources allocated to the DM-RS based on channel conditions or service requirements. For example, in low SINR or for ultra-reliable applications, adding more RS resource will allow the receiver to estimate the channel more accurately so the data can be detected with low error rate. On the other hand, in high SINR or for high data rate applications, some of the resources, which otherwise would be used for transmitting RS, can be used to transmit data.
Another scenario where flexible assignment of DM-RS may be useful is low latency applications. To reduce processing delay incurred at the UE, channel estimation should be completed as soon as possible. To realize this, frame formats with reference signals at the beginning of the subframe, as illustrated in Figure 1a, have been agreed to be studied [1]. This design, however, may suffer from degradation in channel estimation accuracy due to variations of the channel within the subframe. One possible solution is to place additional DM-RS within the subframe and use the additional DM-RS to track the channel. Since it has been agreed that both OFDM and DFT-s-OFDM are supported in NR Phase 1, the design of the additional DM-RS has to be compatible with both of these waveforms.
Proposal-1: Flexible DM-RS structure in terms of pattern and density should be supported in NR

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.
Considering that uplink MU-MIMO is essential for NR to support massive connections with massive Tx/Rx antennas at gNB, the number of orthogonal DM-RS should be enough to support the MU-MIMO operation and the means to increase orthogonal DM-RS such as OCC and IFDMA should be considered for the DM-RS design.
Proposal-2: IFDMA is considered for uplink DM-RS design

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. The 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. This approach is investigated in detail in [4].
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.
                                            [image: ]
[bookmark: _Ref462823405]Figure 1 DM-RS mapping options
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Figure 2 Puncturing the DFT output to insert reference symbols in DFT-s-OFDM
Proposal-3: A unified uplink DM-RS for OFDM and DFT-s-OFDM with default/additional DM-RS is supported
Besides the above considerations, new technologies studied for NR may require new DM-RS design approaches. One such technology is non-orthogonal multiple access (NOMA).  NOMA schemes may need to support scheduled and synchronous access, as well as grant-free and (potentially) asynchronous access. The accuracy of channel estimation is critical for the operation of these schemes.  For NOMA applications utilizing scheduled based access, orthogonal allocation of the DM-RSs may be used to help increase the channel estimation accuracy. On the other hand, for grant-free communications, collisions between transmissions of different UEs will likely occur and DM-RSs will experience interference. This interference may be from the DM-RS of other UEs (for example when the transmissions are synchronous) or from the data of other UEs (for example when the transmissions are asynchronous). Therefore, DM- RS design should be robust enough to meet the requirements in such scenarios.
Proposal-4: study a robust DM-RS design for non-orthogonal multiple access

Summary
This contribution discussed the design considerations for DM-RS for NR. The following was proposed:
Proposal-1: Flexible DM-RS structure in terms of pattern and density should be supported in NR
Proposal-2: IFDMA is considered for uplink DM-RS design
Proposal-3: A unified uplink DM-RS for OFDM and DFT-s-OFDM with default/additional DM-RS is supported
Proposal-4: Study a robust DM-RS design for non-orthogonal multiple access
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