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1 Introduction
In RAN1#88 meeting [1], DMRS design was discussed and agreements were achieved as:
Agreement:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views of the sequence design for DMRS in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
From Rel-9 of LTE, downlink DMRS (except DMRS on antenna port 5) is based on PN sequence, and the sequence in frequency domain is mapped with PRB index, where PRB index is same to all the UE served in the cell. Based on this, downlink DMRS of UEs with any bandwidth can be orthogonal with each other. And also this will be beneficial to advanced receivers for interference cancellation. While uplink DMRS before Rel-14 in LTE is designed based on ZC sequence, where the sequence is generated with bandwidth allocation, i.e. irrespective of PRB index. Orthogonality with unequal bandwidth allocation is limited, so in Rel-14, IFDMA is introduced for UL DMRS to support more orthogonal layers for unequal bandwidth allocation. On the other hand, the interference cancellation is also limited as sequence of interferers is difficult to be constructed even on the same PRB.
In NR, it was agreed that at least for CP-OFDM, a common DMRS structure for DL and UL is supported, and DMRS for different links can be configured to be orthogonal to each other, which can help flexible duplexing design. Considering this, a common DMRS sequence is easy to be designed to support orthogonality between different links. In addition, a common DMRS sequence is beneficial for multi-user scheduling and interference cancellation for advanced receiver.
Based on the discussion, a common DMRS sequence should be designed in NR, where UEs with different resource allocations and/or different links can obtain needed sequence from the common sequence, as shown in Figure 1.


Figure 1. Common DMRS sequence for different UEs in NR
So we propose that:
Proposal: Support a common sequence design for DMRS in consideration of flexible duplexing, multi-user scheduling and interference cancellation.
Considering the common sequence design, the similar scheme for downlink DMRS sequence in LTE can be referred, which is mapped with PRB index. While one thing to note is that the PRB index is same to UEs in LTE, which makes the sharing of common sequence naturally. 
But in NR, it was agreed in RAN1#86 that maximum bandwidth by some UE capabilities/categories may be less than channel bandwidth of serving single carrier, and also adaptive resource allocation should be supported for UEs. So there are cases of flexible UE bandwidth allocation different from that of network, or even different from UEs, and the uplink and downlink resource allocation can also be different for a given UE. These flexible designs will cause the sequence index of the common sequence different with resource index from UE perspective, example of index issue for different bandwidth allocation is shown in Figure 2.


[bookmark: _GoBack]Figure 2. Independent sequence index with UE specific resource index for different bandwidth allocation
One simple way for this issue is to introduce an index value counting specifically for the common sequence, and UE can abstract needed sequence from the common sequence with this specific sequence index, so we observe that:
Observation: The index of the sequence should be designed commonly, and may be different with resource index from UE perspective.
In addition, it was agreed additional DMRS should be designed for higher Doppler scenario, and the density of additional DMRS needs further discussion. As the additional DMRS is mainly used to compensate the time selective effect, the density in frequency domain should be configurable for different frequency selective scenarios. And for the sequence of additional DMRS, one simple design is to copy the sequence value from the front-loaded DMRS sequence in the same subcarrier.
3 Conclusion
In this contribution, we provided our proposals for sequence design for DMRS in NR. And we propose that:
Proposal: Support a common scrambling sequence for CSI-RS irrespectively of bandwidth in NR, and the indication of position or index of CSI-RS sequence can be considered.
Observation: The index of the sequence should be designed commonly, and may be different with resource index from UE perspective.
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