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

· 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
Conclusions:

· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting

· Alt. 1: OCC

· Alt. 2: TDM

· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift

· Alt. 4: Configure between Alt. 1 and Alt. 2

· Consider phase noise impact in the high frequency band

· Alt. 5: Configure between Alt. 1 and Alt. 3

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 for CP-OFDM waveform in downlink.
2
On multiplexing of orthogonal DM-RS ports in front-loaded design
In RAN1#88bis, it has been agreed to support up to 8 orthogonal ports for SU-MIMO and up to 12 orthogonal ports for MU-MIMO. The remaining issues related to this are multiplexing of orthogonal ports in frequency and time domain and maximum number of orthogonal ports with 1-symbol front-loaded DM-RS.
2.1 

Multiplexing of 2 orthogonal ports

Mainly, three multiplexing types are under consideration for multiplexing of orthogonal ports: IFDM, CDM in frequency and CDM in time. Based on this, Figure 1 shows three DM-RS pattern patterns.
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Figure 1: Example of front-loaded DM-RS for 2 ports multiplexing

As it can be seen in Figure 1, the main benefit of option (a) and option (b) is that they span only 1 symbol for front-loaded DM-RS with 2 ports. However, option (c) with CDM in time might perform better for more frequency selective channels [2]. In addition to the performance, the uniformity of the patterns between CP-OFDM and DFT-s-OFDM should also be considered, based on which option (a) could be the preferred option.
Observation 1: CDM2 in time doesn’t provide very significant performance gain while it requires at least two DM-RS symbols. 

Observation 2: 2-comb IFDM pattern with cyclic shifts can be used for both CP-OFDM and DFT-s-OFDM type waveforms.
Proposal 1: At least for up to 2 ports DM-RS multiplexing, 2-comb IFDM pattern with cyclic shifts should be considered as it can used for both CP-OFDM and DFT-s-OFDM type waveforms.
2.2 

Multiplexing of 4 orthogonal ports

Similar to 2 ports multiplexing, examples of 4 ports patterns based on different multiplexing schemes are shown in Figure 2. For IFDM type, we show two alternatives with 2-comb IFDM + CS2 as option (a) and 4-comb IFDM as option (b). For CDM in time and frequency, the 4 ports multiplexing is just an extension of 2 ports multiplexing along with FDM. Option (c) is CDM2 in frequency + FDM2 and option (d) is CDM2 in time + FDM2.
Proposal 2: For 4 ports DM-RS multiplexing, either 2-comb IFDM+CS 2 pattern or 4-comb IFDM pattern should be supported as it can used for both CP-OFDM and DFT-s-OFDM type waveforms
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(a) 2-Comb IFDM + CS 2







(b) 4-Comb IFDM
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(c) CDM2 in Frequency+FDM2



 (d) CDM2 in Time+FDM2

Figure 2: Example of front-loaded DM-RS for 4 ports multiplexing

2.3 

Multiplexing of 8 orthogonal ports

In this section, we show multiplexing of 8 orthogonal ports using two OFDM symbols. For IFDM type, we show two alternatives with 2-comb IFDM + CS2 +CDm2 in time as option (a) and 4-comb IFDM + CDM2 in time as option (b). For CDM in time and frequency, the 8 ports multiplexing is just an extension of 4 ports multiplexing . Option (c) is CDM2 in frequency + FDM2 + TDM2 and option (d) is CDM2 in time + FDM4.
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(a) 2-Comb IFDM + CS2 + CDM2 in time

(b) 4-Comb IFDM + CDM2 in time
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(c) CDM2 in Frequency+FDM2+TDM2



 (d) CDM2 in Time+FDM4
Figure 3: Example of front-loaded DM-RS for 8 ports multiplexing

Proposal 3: For 8 ports DM-RS multiplexing, either 2-comb IFDM+CS2+CDM2 in time pattern or 4-comb IFDM+CDM2 in time pattern should be supported as it can used for both CP-OFDM and DFT-s-OFDM type waveforms
2.4 

Multiplexing of 12 orthogonal ports

Multiplexing of 12 orthogonal ports is possible using either two symbols with IFDM+CS+CDM2 in time or three symbols with CDM+FDM. For IFDM type, we show two alternatives with 2-comb IFDM + CS3 + CDM2 in time as option (a) and 3-comb IFDM + CS2 +CDM2 in time as option (b). For CDM in time and frequency, the 12 ports multiplexing is just an extension of 8 ports multiplexing . Option (c) is CDM2 in frequency + FDM2 + TDM3.
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(a) 2-Comb IFDM+CS3+CDM2 in time  (b) 3-Comb IFDM+OCC2+TDM2   (c) CDM2 in Freq.+FDM2+TDM3
Figure 4: Example of front-loaded DM-RS for 12 ports multiplexing

Proposal 4: For 12 ports DM-RS multiplexing, 2-comb IFDM+CS3+CDM2 in time pattern should be considered as it can used for both CP-OFDM and DFT-s-OFDM type waveforms and well aligned with other ports multiplexing as well
3
On details of additional DM-RS configurations
For supporting different mobility, it has been agreed to have additional DM-RS configurations along with front-loaded DM-RS. The main issues concerning this are:
· Number of additional DM-RS configurations
In addition to front-loaded DM-RS, additional DM-RS configurations are needed to support medium-to-high mobility scenarios. In our previous contribution [3], it was shown that 2 more additional configurations might be required to support medium and high mobility cases. This would allow for optimal overhead for medium mobility, without the need to be tolerant to very high Doppler. In Figure 5, we show example patterns for additional DM-RS configurations. 
      (2 x 2-comb IFDM)        3 x 2-comb IFDM)         (4 x 4-comb IFDM)
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Figure 5: Example of additional DM-RS configurations

Proposal 5: For supporting medium and higher mobility scenarios, two additional DM-RS configurations should be supported.
· Number and position of additional DM-RS symbols/instances
In order to support, medium and higher mobility scenarios, the number of additional DM-RS symbols/instances would depend up on the frequency density of the pattern. Perhaps, link level simulations in our accompanying contribution [2] gives more insight into the optimal distribution of DM-RS resources in time-frequency grid for medium to higher mobility. 

Proposal 6: The pattern of the additional DM-RS symbols should be the same as that of the front-loaded DM-RS. 
Proposal 7: The position of the first additional DM-RS symbols for 14-symbol slot should be aligned with the position of the front-loaded DM-RS symbol for 7-symbol slot.
4
On details of sequence design for DM-RS
In RAN1#88, it has been agreed to support PN sequences for CP-OFDM type waveform. Other remaining details such as the sequences length, scrambling of sequence and cross-link interference avoidance should be considered once the DM-RS patterns or multiplexing schemes are agreed.
Proposal 8: DM-RS sequence design should be resource location specific
5
On configurability of DM-RS in frequency
It has been considered to have a configurable number of frequency resources for front-loaded DM-RS depending up on the mobility and delay spread. One major issue with configurable DM-RS design in frequency is complexity as different filters need to be configured as well for channel estimation.

Proposal 9: Dynamic configurable DM-RS REs in frequency should be considered for front-loaded DM-RS design only if significant gains are seen with varying scenarios.
6
On details of DM-RS for interference covariance estimation
In addition to the primary purpose of DM-RS for channel estimation, it should also be considered the impact of DM-RS pattern on the quality of interference covariance estimation. At the demodulation stage, interference covariance matrix is needed in the receiver processing. The same condition of accurate interference estimates as in the CSI computation stage needs to be fulfilled, the difference being that on this occasion, explicit interference measurement resources may not be configured. In our accompanying contribution [4], we provide link level performance results for interference estimation and it can be seen that the density of DM-RS pattern has significant impact on the quality of interference estimation. Therefore, a DM-RS pattern such as option (a) in Figure 1 should be considered as a minimum requirement in terms of DM-RS resource density.

Proposal 10: 2-comb IFDM with six DM-RS resources within a single OFDM symbol should be considered as a basic design to provide reliable interference estimation.
7
Summary 
In this section, we summarize the key observations/proposals related to NR DM-RS details for CP-OFDM type waveform:
Observation 1: CDM2 in time doesn’t provide very significant performance gain while it requires at least two DM-RS symbols. 

Observation 2: 2-comb IFDM pattern with cyclic shifts can be used for both CP-OFDM and DFT-s-OFDM type waveforms.
Proposal 1: At least for up to 2 ports DM-RS multiplexing, 2-comb IFDM pattern with cyclic shifts should be considered as it can used for both CP-OFDM and DFT-s-OFDM type waveforms.

Proposal 2: For 4 ports DM-RS multiplexing, either 2-comb IFDM+CS 2 pattern or 4-comb IFDM pattern should be supported as it can used for both CP-OFDM and DFT-s-OFDM type waveforms

Proposal 3: For 8 ports DM-RS multiplexing, either 2-comb IFDM+CS2+CDM2 in time pattern or 4-comb IFDM+CDM2 in time pattern should be supported as it can used for both CP-OFDM and DFT-s-OFDM type waveforms

Proposal 4: For 12 ports DM-RS multiplexing, 2-comb IFDM+CS3+CDM2 in time pattern should be considered as it can used for both CP-OFDM and DFT-s-OFDM type waveforms and well aligned with other ports multiplexing as well

Proposal 5: For supporting medium and higher mobility scenarios, two additional DM-RS configurations should be supported.
Proposal 6: The pattern of the additional DM-RS symbols should be the same as that of the front-loaded DM-RS. 
Proposal 7: The position of the first additional DM-RS symbols for 14-symbol slot should be aligned with the position of the front-loaded DM-RS symbol for 7-symbol slot.
Proposal 8: DM-RS sequence design should be resource location specific

Proposal 9: Dynamic configurable DM-RS REs in frequency should be considered for front-loaded DM-RS design only if significant gains are seen with varying scenarios.
Proposal 10: 2-comb IFDM with six DM-RS resources within a single OFDM symbol should be considered as a basic design to provide reliable interference estimation.
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