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1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

During the RAN1#87, following agreements related to demodulation reference signals (DMRS) in NR are captured in [3]:

Agreements:
· Support variable/configurable DMRS pattern for data demodulation 

· FFS: Time and/or frequency domain density can be configured  

· FFS: RE location can be configured

· At least one configuration supports front-loaded DMRS pattern
In [4], following agreements have been made related to PRB bundling:

Agreements:
· For DL data, support at least a PRB bundling size for precoding equal to a specified value

· FFS whether specified value is system BW dependent

· FFS: Supported values 

· Study further including at least the following:

· FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)

· FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs

· FFS the case of reciprocity based operation

· FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs

In this contribution, we discuss the unified DMRS design for NR physical data channels for both downlink and uplink that are suitable for different requirements/scenarios.
2 
On basic DMRS structure for OFDM waveform
It has been agreed to support at least one configuration with the front-loaded DMRS pattern. In this section, we present the basic only front-loaded DMRS pattern for rank-1 transmission for both downlink and uplink physical data channels. Figure 1 shows the front-loaded DMRS pattern with the first two symbols allocated for control region and the third symbol containing the DMRS resources followed by data symbols. The design is shown for one physical resource block (PRB) with 12 subcarriers in frequency domain and a 14-symbol time-slot. The key aspects of this pattern are:
· Uniform DMRS spacing in frequency: The proposed pattern consists of DMRS resources with a spacing of 4 subcarriers. This would ensure better estimation of channel correlation in frequency and low-complexity channel estimation filter due to uniformity in frequency domain.
· Multiplexing of DMRS and data resources for rank-1 transmission: In case of rank-1 transmission and placement of DMRS resources in not every subcarrier, there are two possible alternatives. First, the resources without the DMRS are left empty. This would have a significant impact on the overall throughput. Second alternative is to multiplex DMRS resource with data. This should be the preferred alternative as is optimally utilizes the resources and doesn’t have any significant impact on PAPR for OFDM waveform.
Proposal 1: NR DMRS resources should be placed equally in frequency as it would ensure better estimation of channel correlation in frequency and low-complexity channel estimation filter due to uniformity in frequency domain.
Proposal 2: Any empty resources on the OFDM symbol containing DMRS could be used for data.
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Figure 1: Front-loaded DMRS pattern for rank-1
3 
On higher rank DMRS structure for OFDM waveform
In this section, we discuss the DMRS structure of higher rank transmission with front-loaded design. The basic design criteria for the higher rank design structure should have the multiple DMRS ports on the same symbol at the beginning or as close as possible in the beginning of data symbol transmission. Figure 2 shows the pattern for up to rank 4 transmission. Where different ports are multiplexed in frequency using FDM. DMRS ports 1-4 occupy the first 4 subcarriers of the PRB and the same pattern is repeated in frequency domain within the PRB. 
Proposal 3: The basic design criteria for the higher rank design structure should have the multiple DMRS ports on the same symbol at the beginning or as close as possible in the beginning of data symbol transmission for faster processing.

For higher rank up to 8 ports, a single OFDM symbol could still be used by placing ports 5-8 on top by port 1-4 by applying orthogonal cover codes (OCC) of length 2. This allows for getting the channel estimates on all the ports in the beginning of data symbol transmission. These ports should be configurable to support both the single user as well as multiple user scenarios. For example, the case of 4 users with 2 DMRS ports for each of them is similar to the case of single user with 8 ports as shown in Figure 3. The basic principle of configuring multiple ports for either single user with multiple ports or multiple user with single/multiple ports should be use FDM up to number 4 (number of users * number of DMRS ports) and OCC of length 2 + FDM up to number 8 (number of users * number of DMRS ports).
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Figure 2: Front-loaded DMRS pattern up to rank-4
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Figure 3: Front-loaded DMRS pattern up to rank-8
Proposal 4: Configuring multiple ports for either SU-MIMO or MU-MIMO should use FDM up to number 4 (number of users * number of DMRS ports/user) and OCC of length 2 + FDM up to number 8 (number of users * number of DMRS ports/user).
For supporting DMRS ports greater than 8, additional symbol needs to be configured. Up to 16 DMRS ports can be transmitted with an additional symbol. Figure 4 shows the front-loaded DMRS pattern up to 16 ports. The additional symbol is placed next to first symbol with DMRS so that the processing delay is minimum for all ports. The multiplexing of DMRS ports on additional symbol is similar to that of first symbol.
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Figure 4: Front-loaded DMRS pattern up to rank-16
Proposal 5: For MU-MIMO beyond 8 ports, additional DM-RS symbol(s) composed of FDM4 + OCC of length 2 should be supported.

4 
On DMRS structure for high-speed scenario

In this section, we discuss advanced DMRS design mainly for high speed scenarios. We present two alternatives that could be configured depending up on the requirement of reliable channel estimates for high speed scenario. The first alternative is shown in Figure 5 where we propose to use phase-tracking reference signal (PT-RS) for improving the channel estimation in time. The main benefit of this alternative is to avoid increasing the DMRS overhead and utilize PT-RS for two purposes. More details related to PT-RS design are considered in our accompanying contribution [5].
The second alternative is to utilize additional DMRS symbol for improving the channel estimates in high speed scenarios as shown in Figure 6. The placement of the additional DMRS symbol is the main point of consideration here. We propose to have the additional DMRS symbol at a spacing of 7 OFDM symbol from the front-loaded symbol. The main benefit of this alternative is equal spacing of DMRS resources in time and therefore better channel estimation. However, this requires additional DMRS overhead. Moreover, when PT-RS is also configured for phase tracking, the overall reference signal overhead is significantly higher. Therefore, it is required to analyze these alternatives with link level simulations for different speeds and channel models and also compared with basic front-loaded DMRS pattern. 
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Figure 5: Front-loaded DMRS + PT-RS
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Figure 6: Front-loaded + additional DMRS
Our accompanying contribution presents link level simulation results in [6]. Additional DMRS configurations should only be considered if significant performance improvement is seen for practical scenarios.

Proposal 6: If significant gains are observed with any of the two following alternatives for DMRS patterns in comparison to basic front-loaded DMRS pattern for practical high-speed scenario, then only they should be configured:
· Front-loaded DMRS + PTRS

· Front-loaded DMRS + Additional DMRS with a spacing of 7 OFDM symbol

5 
On impact of PRB bundling for NR DMRS 
PRB bundling plays an important role for improving the channel estimation for given DMRS patterns, therefore the bundling size should be agreed based on the link level simulations involving different scenarios. Following considerations should be made related to PRB bundling and NR DMRS
· Minimum PRB bundling size: If the minimum PRB bundling size is greater than one, then PRB bundle based NR DMRS patterns could be considered for optimal trade-off between the DMRS overhead and channel estimations quality.

· Configurable PRB bundling size: As PRB bundling size can improve the performance, therefore it could be considered to increase the bundling size for high-speed scenarios and the bundling size may not be bandwidth dependent.
Proposal 7: Impact of increasing the bundling size for high-speed scenarios should be analyzed and configurable PRB bundling size can be considered for different scenarios.

6 
DM-RS pattern for DFT-S-OFDM waveform

It has been agreed to support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz. Moreover, DFT-S-OFDM based waveform is agreed to be limited to a single stream transmissions in NR. In this section, we consider DM-RS pattern for DFT-S-OFDM waveform, while keeping in mind the low PAPR criteria. All other requirements for DM-RS are same in DFT-S-OFDM wavefrorm as for OFDM waveforem. Therefore, we consider only front-loaded DM-RS pattern will all the resources in frequency allocated to single rank DM-RS. This will allow for low PAPR and reliable channel estimation at the beginning before the data symbols. Figure 7 shows the example DM-RS pattern.


[image: image7.emf]Time

F

r

e

q

u

e

n

c

y


Figure 7: Example of DM-RS pattern for DFT-S-OFDM

7
Summary
In this section, the observations/proposals are summarized:
Proposal 1: NR DMRS resources should be placed equally in frequency as it would ensure better estimation of channel correlation in frequency and low-complexity channel estimation filter due to uniformity in frequency domain.

Proposal 2: Any empty resources on the OFDM symbol containing DMRS could be used for data.

Proposal 3: The basic design criteria for the higher rank design structure should have the multiple DMRS ports on the same symbol at the beginning or as close as possible in the beginning of data symbol transmission for faster processing.

Proposal 4: Configuring multiple ports for either single user with multiple ports (SU-MIMO) or multiple user with single/multiple ports (MU-MIMO) should use FDM up to number 4 (number of users * number of DMRS ports) and OCC of length 2 + FDM up to number 8 (number of users * number of DMRS ports).
Proposal 5: For MU-MIMO beyond 8 ports, additional DM-RS symbol(s) composed of FDM4 + OCC of length 2 should be supported.

Proposal 6: If significant gains are observed with any of the two following alternatives for DMRS patterns in comparison to basic front-loaded DMRS pattern for practical high-speed scenario, then only they should be configured:

· Front-loaded DMRS + PTRS

· Front-loaded DMRS + Additional DMRS with a spacing of 7 OFDM symbol

Proposal 7: Impact of increasing the bundling size for high-speed scenarios should be analyzed and configurable PRB bundling size can be considered for different scenarios.
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