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Introduction
Multi-antenna techniques and demodulation RS (DMRS) design are tightly connected. It is important that the DMRS design in NR takes foreseeable multi-antenna features into account already from start. At the same time the DMRS design should be efficient and lean enough to avoid unnecessary signalling overhead and complexity. In this contribution we discuss requirements posed on the DMRS to facilitate flexible usage of multiple antenna transmissions. 
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The demodulation RS design for NR should efficiently support advanced multi-antenna transmission techniques. In order to support spatial multiplexing to a single user the DMRS should facilitate orthogonal ports for the spatial layers. Up to 8 orthogonal DMRS ports should be sufficient for SU-MIMO spatial multiplexing.
Consider limiting the maximum number of DMRS ports per UE and component carrier to 8 ports. 
The orthogonal DMRS ports may be created using a combination of combs and cyclic shifts. 

Orthogonal DMRS resources may be created within an OFDM symbol by the combined use of a comb structure and cyclic shifts. 

DMRS supporting Multi-user MIMO operation
Frequency selective MU-MIMO scheduling can result in partially overlapping bandwidth allocations for the co-scheduled UEs. For such allocations the full-length pilot sequences will not align properly, with a resulting undesired pilot contamination between the two co-scheduled users. To mitigate this problem, Zadoff-Chu sequences may be applied blockwise, where each block is either completely overlapping or non-overlapping. 

Consider using Zadoff-Chu sequences applied blockwise to allow for partially overlapping MU-MIMO allocations, facilitating the reduction of interference between the DMRS pilots in the overlapping blocks.
Precoding for MU-MIMO often strives to limit the interference between the co-scheduled UEs through zero-forcing. Placing a null on a UE is more challenging compared to classical main lobe beamforming, and some degree of cross talk between co-scheduled UEs is almost inevitable. For this reason, it is important that MU-MIMO operation should support orthogonal DMRS ports at greatest possible extent to maintain good demodulation performance even in the presence of cross talk. With a limit of at most 8 orthogonal DMRS ports it is not possible to completely rely on orthogonal DMRS, given that NR should support the possibility to co-schedule more than 8 MU MIMO layers in total. The semi-orthogonal ports can be facilitated through multiple 8 ports DMRS with different Z-C sequences.
For MU-MIMO operation it should be possible to flexibly co-schedule UEs on orthogonal DMRS ports, but also on semi-orthogonal resources using different base-sequences for the Z-C sequences.
UE specific DMRS sequences within a cell prohibits the use of orthogonal DMRS ports for MU-MIMO. On the other hand, it is not desirable to have all UEs sharing the same DMRS sequence configuration within the cell, since this would limit the possibility to co-schedule more spatial layers for MU-MIMO than what is supported within SU-MIMO.
It is neither beneficial to tie the DMRS sequences to user ID, nor cell ID. 
DMRS for rural scenarios
In rural areas it is conceivable that the TRPs are often equipped with only a few baseband ports, and that a large fraction of the UE population is coverage limited. The performance is often limited by the channel estimation quality for demodulation. To allow for more channel estimation processing gain it is conceivable to transmit a DMRS that is shared between UEs over time and/or frequency.

Consider to study the optional use of shared non-precoded DMRS that extends beyond the time frequency resources allocated for a particular UE
DMRS supporting transmit diversity
Transmit diversity may improve robustness if the spatial CSI at the transmitter is imperfect or incomplete. With partial CSI it could be useful to rotate precoders within a set of beams spanning a subspace, identified from the partial CSI. A partially precoded DMRS with more ports than the data transmission rank can be used to facilitate transmit diversity.
Consider allowing for transmit diversity DMRS as a complement to baseline data precoded DMRS
DMRS supporting frequency selective precoding
It is often desired to allow for frequency selective precoding. In many cases the precoding can be done in such a way that the effective channel maintains or reduces frequency selectivity. This is specifically true for reciprocity based precoding when the CSI at the transmitter is of sufficiently good quality and channel hardening occurs. When the precoding manages to avoid abrupt changes over frequency in the effective channel, then channel estimation can be performed over the entire bandwidth allocation.

In other cases, the precoding changes rather abruptly from one resource block to another. For instance, when transmissions follow subband-specific implicit feedback precoder recommendations, e.g. PMI, from the UE. 
With abrupt changes in the effective channel it may be necessary to avoid filtering across precoder resource block groups (PRG) boundaries in the channel estimation. For transmit diversity schemes, the notion of a PRG be especially important because the transmitter aims to sweep over as many precoders as possible over the full bandwidth. 

For cases where the DMRS is shared among users over time and frequency to improve processing gain this PRG restriction is clearly not desirable.

Consider the possibility to configure a variable filtering restriction across resource blocks similar to a PRG in LTE

Conclusions
In this contribution we discussed requirements posed on the DMRS to facilitate flexible usage of multiple antenna transmissions. We made the following observations:
1. Orthogonal DMRS resources may be created within an OFDM symbol by the combined use of a comb structure and cyclic shifts. 
It is neither beneficial to tie the DMRS sequences to user ID, nor cell ID. 
Based on the discussion in this contribution we propose the following:
1. Consider limiting the maximum number of DMRS ports per UE and component carrier to 8 ports. 
Consider using Zadoff-Chu sequences applied blockwise to allow for partially overlapping MU-MIMO allocations, facilitating the reduction of interference between the DMRS pilots in the overlapping blocks.
For MU-MIMO operation it should be possible to flexibly co-schedule UEs on orthogonal DMRS ports, but also on semi-orthogonal resources using different base-sequences for the Z-C sequences.
Consider to study the optional use of shared non-precoded DMRS that extends beyond the time frequency resources allocated for a particular UE
Consider allowing for transmit diversity DMRS as a complement to baseline data precoded DMRS
Consider the possibility to configure a variable filtering restriction across resource blocks similar to a PRG in LTE
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