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1 Introduction
In RAN1 NR ad-hoc and RAN1#88 meetings the following agreement was reach regarding DM-RS design.

	Agreements:
· 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
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
…

Agreements:

· Confirm working assumption with some updates:

· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR


In this contribution we provide DM-RS design for the uplink which has the same structure and design principle as our downlink DM-RS design discussed in [1]. In addition we provide some details for alternative approach of supporting DFT-s-OFDM waveform with dedicated DM-RS symbol. 
2 Discussion

In [1], DL DM-RS design for NR is proposed. The key principle of construction of DM-RS patterns in [1] is to minimize the number of DM-RS REs per OFDM symbol. In particular, the proposed DM-RS patterns can have the maximum DM-RS density of 2 REs per OFDM symbol in case of 1-2 antenna ports as shown in Figure 1. 
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Figure 1: Proposed unified DL/UL DM-RS patterns constructed from FL DM-RS by repetition of staggered FL DM-RS

It should be noted that the proposed in [1] DM-RS design also allows efficient multiplexing of DM-RS and PUSCH for DFT-s-OFDM waveform and, therefore, can be considered as DL/UL unified candidate for DM-RS design. 
In particular due to low density of DM-RS REs in Figure 1, the resulting PAPR / CM of the waveform after frequency domain DM-RS and PUSCH multiplexing with DFT-s-OFDM waveform doesn’t change significantly comparing to PAPR / CM of pure DFT-s-OFDM waveform for resource allocations containing small number of PRBs.

Figure 2 shows two possible approaches that can be considered for multiplexing of the DM-RS REs with PUSCH REs modulated by DFT-s-OFDM waveform
· PUSCH REs puncturing by DM-RS REs

· FDM multiplexing of DM-RS REs and PUSCH REs [2]
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(a) PUSCH puncturing







(b) FDM multiplexing of PUSCH and DM-RS

Figure 2. DM-RS and PSUCH multiplexing for proposed DM-RS patterns for DFT-s-OFDM waveform
The PAPR comparison of two multiplexing approaches is shown in Figure 3 for resource allocation of 1 and 2 PRBs. It can be seen that PAPR distribution of the resulting waveform after multiplexing is comparable with PAPR distribution for LTE uplink waveform calculated over all symbols including DM-RS. The PAPR increase for PUSCH with the proposed DM-RS patterns relative to PAPR of LTE is ~0.3dB for 1PRB resource allocation and ~0.6dB for 2PRBs resource allocation. Due to reduced DM-RS overhead (12 REs vs 24REs), the proposed DM-RS pattern should easily compensate the potential performance losses by using extra REs for PUSCH transmission.
It should be noted that the proposed DM-RS patterns offers advanced features, not supported by LTE DM-RS, such as more scattered DM-RS patterns, DM-RS power boosting, optional RRC configured DM-RS collision avoidance and common DM-RS design for DL / UL that can be exploited to further improve the NR performance over LTE. Moreover due to use of the PN sequence, the proposed DM-RS design offers better cross-correlation properties in comparison to LTE DM-RS design (that has very limited number of the DM-RS sequences) and avoids complex sequence design (e.g. group and cyclic shift hopping and planning, etc.) for cross-correlation comparison. Therefore, it is recommended to adopt the same DL DM-RS design and for UL DM-RS patterns in NR.
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Figure 3. PAPR comparison of LTE and NR with proposed DM-RS patterns for 1PRB and 2PRBs
DM-RS design with dedicated symbol

It should be noted dedicated OFDM symbol with low PAPR sequence such as ZC may be considered as another DM-RS design option for NR. In this case one of the challenges is flexible support of MU-MIMO pairing with orthogonal DM-RS antenna ports with partially overlapping resource allocations. To achieve more flexible pairing with orthogonal DM-RS antenna ports support of block concatenation of the two or more ZC sequences for DM-RS within resource allocation of the UE should be considered. To reduce PAPR increase and randomize the inter-cell interference the following approaches can be used to construct the DM-RS sequence  
· DMRS cyclic shift hopping in different blocks
· DMRS sequence hopping in different blocks

· Different phase rotation in different blocks

Figure 1 shows the example of cyclic shift hopping in time and frequency.

[image: image7.emf]D

M

R

S

D

M

R

S

D

M

R

S

D

M

R

S

DM-RS 

block

D

M

R

S

D

M

R

S

D

M

R

S

D

M

R

S

Ncs = 0

Ncs = 2 Ncs = 4 Ncs = 6


Figure 4: Example of cyclic shift hopping for DM-RS constructed by frequency domain concatenation of ZC sequences
3 Summary

In this contribution we propose uplink DM-RS design for NR. The key principle of the proposed uplink DM-RS pattern construction is to minimize the number of DM-RS REs per OFDM symbols that offers several performance benefits such as reduced DM-RS overhead, more scattered DM-RS pattern, support of DM-RS power boosting, DM-RS collision avoidance, unified DM-RS design for DL and UL, low PAPR for DFT-s-OFDM waveforms. The DM-RS patterns fulfilling the proposed DM-RS design principles are also provided.
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