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Introduction
In RAN1#85, the following is agreed for DL multi-antenna transmissions.
Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE

This contribution discusses specification impacts of supporting these different DL multi-antenna schemes in NR. 
1 
2 
NR MIMO Transmission Schemes
The DL MIMO in NR systems should be able to support diverse environments, deployment scenarios, and use cases. The time coherence interval and frequency coherent BW vary upon these, and the applicable MIMO schemes also vary upon them. For channels with short time coherence interval, CSI cannot be reliably predicted at the transmitter, and hence transmission techniques requiring less prior knowledge of the CSI are more useful; these schemes include OL MIMO and transmit diversity (e.g., space-time or frequency blockcode – SFBC or STBC). For channels with longer time coherence interval, CSI prediction is feasible at the transmitter when CSI feedback and/or channel sounding is available; hence MIMO spatial multiplexing and/or coordinated multipoint (CoMP) transmission techniques can be employed. Therefore, it seems desirable that the NR system supports at least those DL transmission techniques agreed in RAN1#85. 
Given the NR agreements in RAN1#84b of striving for minimizing transmission of the always-on signals, introduction of CRS-like signals needs to be further discussed. On the other hand, DMRS based DL SIMO/MIMO and transmit diversity (TxD) have clear use cases, and they need to be supported in the NR. An NR transmission scheme relying on DMRS based DL spatial multiplexing can support various transmission techniques, such as SU/MU-MIMO, CoMP, FD-MIMO, OL/DL MIMO, etc. On the other hand, an NR transmission scheme relying on DMRS based transmit diversity (SFBC, Alamouti precoding) can be used for users with high Doppler links, as a fallback/baseline transmission scheme, etc. It is also noted that RE-level precoder cycling may be beneficial to support more than rank 1 transmissions, even when reliable precoder information is not available at the eNB.
In high-level, these transmission schemes (DMRS based SM, TxD and RE-level precoder cycling) can be a basis for NR MIMO transmission chain design, but more discussions seem to be necessary, as observed from the next Section. 
Unified NR MIMO Framework for MIMO Transmission Chain
In the legacy LTE specifications, transmission schemes are defined to support these different DL transmission techniques, and each transmission scheme describes how the UE shall assume (1) CW-to-layer mapping and (2) precoding method for demodulating data symbols in the DL transmissions. There are mainly three categories of transmission schemes in legacy LTE, with distinct precoding and/or CW-to-layer mapping methods:
· CRS based closed-loop (CL) spatial multiplexing
· CRS based open-loop (OL) spatial multiplexing
· DMRS based spatial multiplexing
· Transmit diversity

For NR, more discussions will be necessary on how to efficiently multiplex different verticals as well as to encompass these different transmission schemes in a single unified framework. Towards this end, some LTE MIMO design framework that have been used for defining transmission schemes, such as number of MIMO CWs, CW-to-layer mapping, and transmit precoding, etc., may need to be revisited. 
[bookmark: _GoBack]First of all, the number of CWs for NR MIMO needs to be discussed taking into account performance, signaling overhead, and impact on overall design such as support of multiple verticals, multiple numerologies, and forward compatibility.
Secondly, the LTE CW-to-layer mapping may need to be revisited, once a decision is made for the number of CWs. In a sense, the CW-to-layer mapping framework is closely coupled with the 2-CW framework. If NR adopts 1 CW or other number of CWs than 2 CWs, the LTE CW-to-layer mapping framework may or may not be necessary to define MIMO transmission schemes. 
Finally, if the framework for CW-to-layer mapping is changed in NR, the precoding framework may also need to be revisited. 
On the other hand, in LTE, separate downlink control information (DCI) formats are designed to support different transmission schemes. For NR, DCIs to support different NR transmission schemes may not need to be in different formats, and it can be designed in a modular fashion. For example, a DCI for DL spatial multiplexing can additionally include DMRS port indication field, on top of those common control signalling information, e.g., resource allocation. 

Conclusions
This contribution has discussed support of transmission schemes and transmission modes in NR, and made the following proposals.
Proposal: 
· Study a unified MIMO transmission chain framework to support various transmission techniques (including DMRS based SM, TxD and RE-level precoder cycling), considering the following aspects:
· Number of CWs
· Whether to reuse CW-to-layer mapping and precoding framework or to design a new framework
· DCI design alternatives – modular vs format-based

