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1 Introduction

In RAN1#86 meeting, the following agreements were achieved[1][2].
· RAN1 to study transmit diversity for both data and control channels
· Aspects to related to QCL (if any), # of ports, polarizations, etc.

· Demodulation reference signal for transmit diversity, if supported, could be

· UE-specific RS (if supported by NR)

· Shared (by two or more UEs)-RS (if supported by NR)

· Other types of RS are not precluded
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
In this contribution, we first discuss transmit diversity based on UE-specific RS. Secondly, we discuss some aspects of DL MIMO transmission, including transmission scheme, transmission mode, NR CSI RS, CSI measurement/reporting and DCI signaling.
2 DL transmission scheme
Similar to LTE/LTE-A, throughput and reliability would be major motivations for designing MIMO transmission schemes in NR. The motivations are achieved relying on spatial multiplexing for spectral efficiency and transmit diversity for signal robustness, respectively.
Spectral efficiency is especially important for data transmission, which can leverage spatial multiplexing to increase throughput. Spatial multiplexing transmission in NR can be closed-loop or semi-open-loop/open-loop for single/multi-TRP(s), depending on how CSI is acquired. Signal robustness is important for data/control channel and PBCH transmissions, which can leverage transmit diversity to guarantee transmission reliability. There are some important reliable-transmission use cases in NR. For example, transmit diversity can mitigate and prevent blockage effect in high frequency band. To further improve spectral efficiency and signal robustness, both spatial multiplexing and transmit diversity schemes can use demodulation RS ports with multiple-QCL assumptions for demodulation[3].
According to the agreement in RAN1#86 meeting, transmit diversity in NR can rely on UE-specific RS or shared (by two or more UEs)-RS for demodulation. UE-specific RS based transmit diversity can offer extra diversity gain over beam-based transmission for the targeting UE. By adjusting proper beam direction towards the targeting UE, UE’s signal robustness can be significantly improved.
UE-specific RS based transmit diversity for data channels has several advantages: 1) Flexibly performing non-precoded or beamformed RS can be transparent to UE; 2) Adaptively adjusting beam width and beam direction can optimize the coverage; 3) UE-specific RS based transmit diversity can transmit diversity-precoded data from multiple TRPs, which results in improvement of transmission reliability and UE-centric experience.
In addition to transmit diversity, it is expected that spatial multiplexing would still use UE-specific RS for demodulation, as in LTE/LTE-A. Therefore, NR MIMO transmission should support UE-specific RS for demodulation of both transmit diversity and spatial multiplexing schemes.
Proposal 1: NR MIMO transmission should support UE-specific RS for demodulation of both transmit diversity and spatial multiplexing schemes.

3 DL data transmission
3.1 Transmission mode
NR is expected to support three different scenarios – URLLC, eMBB and mMTC[4][5]. Note that mMTC scenario can be addressed with a relatively lower priority, but we still need to consider it in NR MIMO transmission for forward compatibility. Firstly, URLLC scenario features ultra reliable low-latency transmission. Secondly, eMBB scenario needs transmission to support both signal robustness and spectral efficiency, mainly depending on channel conditions. Finally, mMTC scenario has dense deployment of low complexity power saving UEs and its transmission needs reliability as well. There are different transmission requirements for NR scenarios as analyzed. It is worth noting that MIMO transmission mode design should support such different use cases. To streamline the MIMO transmission mode design, it is expected that the number of transmission modes would be significantly reduced compared to LTE/LTE-A. 
Firstly, transmit diversity oid 































































can  achieve reliable transmission and is especially suitable for URLLC and mMTC scenarios.  It should be noted that single-port scheme is also an essential scheme when TRP has single port. Thus, a lean transmission mode with basic transmission schemes, such as transmit diversity and single-port transmission schemes, can be used for supporting small-packet and high-reliability use cases. The corresponding DCI related to this mode can be compact and include at least single-codeword resource assignment. Secondly, the use cases of improving system spectral efficiency would necessitate spatial multiplexing, such as eMBB and potentially URLLC scenarios. Note that whether spatial multiplexing can meet the transmission requirement of URLLC scenario should be FFS. Furthermore, transmit diversity can take the fall-back role to support dynamic transmission scheme switching. In such case, an enhanced transmission mode with a large number of transmission schemes can cover different use cases. The corresponding DCI in this mode can include more signaling content, e.g. rank(s), antenna port(s), codeword(s), RB resource assignment, and an indication of transmission scheme to support dynamic switching between transmission schemes. 

Proposal 2: DL MIMO transmission should strive to minimize the number of transmission modes while covering different use cases in NR.
3.2 NR CSI-RS and CSI measurement/reporting
In LTE/LTE-A, there are two types DL RS used for CSI acquisition. One is CRS, which was “always-on” across the entire bandwidth and used for TM1 to TM8. The other is CSI-RS, which was introduced in LTE release 10 and can be configured to TM9 and TM10. It should be noted that the basic configuration of RS for CSI acquisition and transmission schemes are tightly coupled by high layer configuration in LTE. Moreover, each CSI-RS resource is related to a fixed reporting configuration. However, it is expected that CSI-RS and CSI measurement/reporting configurations would support dynamic transmission schemes switching In NR. One way to enable this feature is to relax coupling between CSI-RS configuration, CSI measurement/reporting configuration and transmission scheme. For example, multiple CSI-RS resources and CSI measurement/reporting parameter sets can be configured to a UE at high layer before determining transmission scheme. Each measurement/reporting parameter set may represent a distinctive configuration for codebook generation and codebook subset selection. Based on traffic load and channel condition, TRP can dynamically indicate a UE to measure/report CSI. The indication may include which preconfigured CSI-RS resource to be measured and which preconfigured CSI measurement/reporting parameter set to be used. 
Proposal 3: DL MIMO design should strive to relax coupling between CSI-RS configuration, CSI measurement/reporting configuration and transmission scheme.
4 DCI design
Dynamic transmission scheme switching necessitates the support of dynamic CSI measurement/reporting configuration in NR DCI. Such configuration could be designed in a streamlined way, i.e., the unified dynamic indication, which could be composed of a few fields. An example is shown in Fig. 1, filed 1 indicates long-term/wideband or short-term/subband CSI (including whether UE-selected subband CSI), field 2 indicates specific CSI content to be reported (e.g., CQI/PMI/RI/channel covariance matrix/eigenvector), and file 3 indicates measurement timing/reporting timing/measurement duration for CSI measurement.
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Fig. 1 An example of unified dynamic indication of CSI measurement/reporting 
Dynamic scheme switching would bring the other important change to DCI signaling, i.e., the introduction of transmission scheme indication. Such indication plays an important role in signaling UE about transmission scheme specific DCI information, which is necessary for switching transmission schemes promptly. 
To better support dynamic scheme switching, NR MIMO transmission needs studying a two-level DCI structure, as shown in Fig. 2. Level-1 DCI, acquired by blind detection, can support the common signaling field for all transmission schemes (e.g., carrier indicator, RB assignment, CQI and MCS). Upon decoding the transmission scheme indication which also lies in level-1 DCI, level-2 DCI includes transmission scheme specific signaling field. 
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Fig. 2 Two-level DCI structure in support of dynamic transmission scheme switching
Proposal 4: Unified dynamic indication of CSI measurement/reporting should be studied to support dynamic transmission scheme switching.
Proposal 5: NR MIMO transmission should study the transmission scheme indication in DCI in order to support dynamic transmission scheme switching.
Proposal 6: NR MIMO transmission should study the two-level DCI structure in order to support dynamic transmission scheme switching.
5 Conclusions
In this contribution, some aspects of DL MIMO transmission, including transmission scheme, transmission mode, NR CSI RS, CSI measurement/reporting and DCI signaling, are discussed. Therefore, the following proposals are provided:
Proposal 1: NR MIMO transmission should support UE-specific RS for demodulation of both transmit diversity and spatial multiplexing schemes.
Proposal 2: DL MIMO transmission should strive to minimize the number of transmission modes while covering different use cases in NR.
Proposal 3: DL MIMO design should strive to relax coupling between CSI-RS configuration, CSI measurement/reporting configuration and transmission scheme.
Proposal 4: Unified dynamic indication of CSI measurement/reporting should be studied to support dynamic transmission scheme switching.
Proposal 5: NR MIMO transmission should study the transmission scheme indication in DCI in order to support dynamic transmission scheme switching.
Proposal 6: NR MIMO transmission should study the two-level DCI structure in order to support dynamic transmission scheme switching.
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