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1 Introduction
In RAN1#89 meeting the following working assumption was agreed regarding DM-RS design and antenna port multiplexing [1].

	Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1


In this contribution we highlight some of the issues of DM-RS support in accordance to the working assumption. 
2 Discussion

According to the working assumption agreed in RAN1, NR should support multiple DM-RS patterns, where DM-RS patterns are different depending on the total number of supported orthogonal DM-RS antenna ports. The working assumption from RAN1#89 meeting implies support of at least six DM-RS patterns at the UE for each number of MIMO layer(s).
It is envisioned that the required number of the DM-RS patterns will be further increased if the transmissions of the additional DM-RS symbols in the later part of the slot are considered. As the result, NR would support relatively big number of DM-RS pattern configurations (comparable or even higher than the number of CRS and DM-RS patterns across all transmission modes in LTE) that in contrast to LTE in most of the cases would provide similar performance to each other. 
Such large number of DM-RS patterns brings several challenges to UE implementation and testing efforts. Moreover, significant RAN4 work is expected due to support of such number of DM-RS patterns. It could be argued that UE complexity concern could be address to some extend by optional support of all DM-RS patterns at the UE. While this approach may be feasible option to address the UE complexity issue, optional support of DM-RS patterns at the UE is not desirable from the system perspective. In particular efficient support of MU-MIMO transmission with orthogonal antenna port multiplexing becomes more difficult between the UEs supporting DM-RS patterns which are not compatible with each other. 
Another issue of supporting large number of optional DM-RS pattern configurations is inefficient operation of the NAICS receiver. In particular during Rel-12 NAICS receiver work item for LTE, it was observed that the most favourable RS configurations are provided by colliding RS patterns. It is obvious that in NR case with support of the multiple DM-RS patterns the efficiency of the NAICS receiver would be significantly reduced as the occupied DM-RS REs in different patterns are different.
We summarize the discussion above with the following observation: 
Observation
· The number of DM-RS patterns agreed in the working assumption is large and introduce several challenges such as inefficient support of NAICS receiver, high UE implementation and testing complexity, inefficient MU-MIMO support, etc.
Based in the above observation, we it seems necessarily to further narrow down the possible DM-RS pattern to address the mentioned issues. We made the following proposal.

Proposal:
· RAN1 further strive to further reduce the number of supported DM-RS pattern configurations for both DL and UL, e.g. as proposed in [2]

3 Summary

In this contribution we highlight several issues for the working assumption on DM-RS patterns agreed in RAN1#89. In particular, it was observed that the number of the DM-RS pattern that should be supported by the UE is quite large, where in most of the cases the supported DM-RS patterns would provide similar performance to each other. At the same time large number of DM-RS patterns introduce several challenges such as inefficient support of the NAICS receivers, high UE implementation and testing complexity, inefficient MU-MIMO support, etc. Based on the observation, it was proposed to further reduce the number of DM-RS patterns for DL and UL, e.g. as proposed in [2].
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