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1. Introduction
In RAN1 #87, the following was agreed with respect to configurable DM-RS patterns [1]:
· 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 the last RAN1 NR Ad-Hoc meeting, the following was agreed with respect to DM-RS design [2]:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Variable DMRS configuration had been discussed in our company’s previous contribution [3]. In this contribution, we provide our views on front-loaded and additional DMRS design.
2. Discussion
In order to handle different application scenarios with a unified physical layer design, front-loaded DMRS was introduced. Front-loaded DMRS is mainly used to achieve early decoding for low latency traffic. In the scenarios of slowly varying channel, front-loaded DMRS alone can be used for channel estimation and channel measurement. In the scenarios of fast varying channel, front-loaded DMRS should support Doppler frequency and time delay spread estimation. We prefer at most two symbols in time domain and a least two subcarriers in frequency domain for a DMRS antenna port. As time and/or frequency domain of DMRS density can be configured, it may lead to huge control signaling overhead. To reduce the overhead of control signaling, a basic DMRS pattern should be predefined, which could be partial of the front-loaded DMRS pattern. The configuration of front-loaded DMRS should be fixed or slowly varying and it can be transmitted by RRC signaling. The design of front-loaded DMRS pattern should follow the principles as below:
· Occupy at most two adjacent OFDM symbols in time domain for a DMRS antenna port within a schedule unit.
· Assume two adjacent OFDM symbols as the baseline.
· Study whether or not adopts one OFDM symbol. As one OFDM symbol can be used in URLLC scenario, while it may cause power boosting problem, and etc.
· Occupy at least two subcarriers in frequency domain for a DMRS antenna port within a schedule unit.
· More front-loaded DMRS antenna ports can be generated by FDM and/or CDM based on a basic DMRS pattern.
From the point view of complexity of UE implementation, the location of front-loaded DMRS should be fixed. Besides, variable front-loaded DMRS location may lead to additional control channel or signaling overhead, and demodulate control channel or signaling firstly. For the purpose of control overhead reduction and early decoding, the location of front-loaded DMRS also needs to be fixed.
Based on above discussion, example of a basic DMRS pattern is depicted in Figure 1, which is same as partial front-loaded DMRS pattern. There are four basic DMRS antenna ports and more front-loaded DMRS antenna ports can be generated by FDM and/or CDM.
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Figure 1 Basic DMRS pattern is same as partial front-loaded DMRS pattern

Proposal 1:
· The design of front-loaded DMRS pattern should follow the principles as below:
· Occupy at most two adjacent OFDM symbols in time domain for a DMRS antenna port within a schedule unit.

· Assume two adjacent OFDM symbols as the baseline.

· Study whether or not adopts one OFDM symbol. As one OFDM symbol can be used in URLLC scenario, while it may cause power boosting problem, and etc.

· Occupy at least two subcarriers in frequency domain for a DMRS antenna port within a schedule unit.
· More front-loaded DMRS antenna ports can be generated by FDM and/or CDM based on a basic DMRS pattern.

Proposal 2:
· From the point view of complexity of UE implementation, control channel or signaling overhead reduction, and early decoding, the location of front-loaded DMRS should be fixed.
Generally, DMRS is used for data and control channel demodulation. However, in NR systems, DMRS may be used for CSI measurement and other purposes. Besides, the DMRS pattern may be affected by the change of system numerology and frame structure. Therefore, additional DMRS is proposed. Similar to front-loaded DMRS, the overhead of additional DMRS also should be considered. The change of additional DMRS pattern also can be based on a basic DMRS pattern. The configuration of additional DMRS should be variable and it can be transmitted by DCI or MAC CE. Potential ways of additional DMRS pattern design should be considered:
· Partial/full basic DMRS pattern changing in time and/or frequency domain density.

· Partial/full basic DMRS pattern shifting in time and/or frequency domain.

· Hybrid consideration of above ways.

According to above discussions, example of additional DMRS pattern design based on basic DMRS pattern with time domain density doubled is depicted in Figure 2. 
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Figure 2 Additional DMRS pattern based on basic DMRS pattern by increasing density
Proposal 3:
· Potential ways of additional DMRS pattern design should be considered:

· Partial/full basic DMRS pattern changing in time and/or frequency domain density.

· Partial/full basic DMRS pattern shifting in time and/or frequency domain.

· Hybrid consideration of above ways.
3. Conclusion

In this contribution, front-loaded DMRS and additional DMRS pattern design are discussed with the following proposals:
Proposal 1:
· The design of front-loaded DMRS pattern should follow the principles as below:
· Occupy at most two adjacent OFDM symbols in time domain for a DMRS antenna port within a schedule unit.

· Assume two adjacent OFDM symbols as the baseline.

· Study whether or not adopts one OFDM symbol. As one OFDM symbol can be used in URLLC scenario, while it may cause power boosting problem, and etc.

· Occupy at least two subcarriers in frequency domain for a DMRS antenna port within a schedule unit.
· More front-loaded DMRS antenna ports can be generated by FDM and/or CDM based on a basic DMRS pattern.

Proposal 2:
· From the point view of complexity of UE implementation, control channel or signaling overhead reduction, and early decoding, the location of front-loaded DMRS should be fixed.
Proposal 3:
· Potential ways of additional DMRS pattern design should be considered:

· Partial/full basic DMRS pattern changing in time and/or frequency domain density.

· Partial/full basic DMRS pattern shifting in time and/or frequency domain.

· Hybrid consideration of above ways.
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