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Introduction
During the RAN1#88bis meeting, the following agreements related to DM-RS were made in [1-5]. 

Agreements:
· Confirm the following working assumption:
· Support at least the following design of DL DM-RS for data channels

· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
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:
· Consider the issue of collision between DC subcarrier and DMRS. 

· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

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 the details related to NR DM-RS in uplink, specifically for DFT-S-OFDM waveform.
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On unified DM-RS design
In RAN1#88, it has been agreed to support a common DM-RS structure for both uplink and downlink with CP-OFDM type waveform. Our contribution [6] covers the DM-RS details for CP-OFDM type waveform that are applicable in uplink as well. The common structure should explicitly mention that the exact pattern with multiplexing scheme and all configurations should be the same for OFDM type waveform, regardless of uplink and downlink. This would simplify and also assist to manage the cross-link interference. 
Proposal 1: Common DM-RS structure for both uplink and downlink with CP-OFDM waveform should imply the exact same pattern, configurations and multiplexing scheme.

It is not yet agreed if the same structure principle applies to DFT-S-OFDM type waveform in uplink. The key difference between the OFDM and DFT-S-OFDM type waveform is the absence of data and DM-RS multiplexing in DFT-S-OFDM. Therefore, the DM-RS symbol in DFT-S-OFDM waveform will only consist of DM-RS resources. However, for OFDM type waveform, this might not be the case depending on the agreed multiplexing scheme, atleast for lower rank scenarios. For DFT-S-OFDM type waveform, the front-loaded DM-RS pattern can either be similar to legacy DM-RS in LTE uplink or with 2-comb IFDM as shown in Figure 1. If similar multiplexing schemes are agreed for OFDM waveform as well, then there could be a commong structure regardless of the waveform type.
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Figure 1: Example DM-RS pattern for DFT-S-OFDM waveform
Proposal 2: Front-loaded DM-RS pattern for DFT-S-OFDM waveform could either be similar to legacy LTE uplink or IFDM, wherein similar structure for CP-OFDM waveform would ensure commong structure regardless of the waveform type.
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On details of orthogonal DM-RS ports





For DL, it has been agreed to support maximum 12 orthogonal DM-RS ports for MU-MIMO. However, for uplink, there are been no specific agreement at this point. In the previous section, we propose to use common DM-RS structure for both downlink and uplink with CP-OFDM. In this section, we present our views on number of orthogonal DM-RS ports for DFT-S-OFDM waveform in uplink and example patterns to support them. For DFT-S-OFDM as well, atleast 12 orthogonal ports similar to OFDM should be supported and up to 16 ports should be considered, if it is possible to accommodate them using almost same overhead as 12 orthogonal ports.
Proposal 3: Up to 16 orthogonal DM-RS ports for uplink including CP-OFDM and DFT-S-OFDM waveform should be considered.

Figure 2 shows the examples of possible patterns to accommodate 12 and 16 orthogonal DM-RS ports. Pattern 2(a) is similar to pattern 1(a) in Figure 1 and can accommodate up to 12 orthogonal ports with 2 symbols using cyclic shift of length 6 on each symbol. Pattern 2(b) shows the 16 orthogonal ports with exactly same overhead as for 12 orthogonal ports, but with different multiplexing scheme. In this pattern, IFDM with 2-combs and cyclic shift of length 4 on each symbol is used.
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Figure 2: Example higher rank DM-RS pattern for DFT-S-OFDM waveform
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On details of sequence design for DM-RS
For CP-OFDM waveform, it has been agreed to support PN sequences for both downlink and uplink. For DFT-S-OFDM, ZC sequences are considered similar to legacy LTE uplink DM-RS. In our opinion, it makes sense to use ZC sequences for DFT-S-OFDM as it allows to support orthogonal ports using different cyclic shifts on the base sequences. 
5
Summary 
In this section, we summarize the observations/proposals related to uplink DM-RS structure, specifically for DFT-S-OFDM type waveform.
Proposal 1: Common DM-RS structure for both uplink and downlink with CP-OFDM waveform should imply the exact same pattern, configurations and multiplexing scheme.

Proposal 2: Front-loaded DM-RS pattern for DFT-S-OFDM waveform could either be similar to legacy LTE uplink or IFDM, wherein similar structure for CP-OFDM waveform would ensure commong structure regardless of the waveform type.
Proposal 3: Up to 16 orthogonal DM-RS ports for uplink including CP-OFDM and DFT-S-OFDM waveform should be considered. 
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