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Introduction
In RAN1 #86, RAN1 discussed MIMO transmission schemes and modes for NR. The following has been agreed as a progress [1]:
Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands

· 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

· Study flexible scheduling/configuration of CSI-RS, CSI report and transmission method/scheme for data and control

· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported

· FFS: Necessity of sidelink spatial multiplexing

· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling

· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling

· Support dynamic switching between transmission methods/schemes, e.g. between

· Transmit diversity

· Spatial multiplexing

Agreements:
· 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

In this contribution, we discuss on further details of MIMO transmission schemes and mode of operation in NR.
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Discussion
In LTE Rel-8, MIMO transmission schemes have been designed based on a common reference signal which is transmitted in a wideband manner and shared for all different types of transmission schemes and downlink channels. Since it is transmitted in a wideband manner and a UE may assume that the channel estimated over the common reference signal in adjacent PRBs are coherent, the UE can interpolate the estimated channels to improve the channel estimation accuracy. However, it turns out that the transmission schemes based on a common reference signal is not flexible enough to allow enhanced eNB implementations including UE transparent beamforming and multi-user MIMO operation. Therefore, the UE-specific reference signal based transmission schemes has been introduced in the following LTE releases.  
It is well known that various service types and use cases need to be supported in a same network and a massive number of antennas can be deployed at a transmitter. Therefore, the flexibility of using multiple antenna techniques such as antenna virtualization and UE transparent beamforming and MU-MIMO operation gets more important in NR.

There has been a proposal to design NR MIMO transmission scheme only based on DM-RS for more flexible transmitter design as well as minimizing always-on reference signals. To some extent, it is beneficial to design all NR MIMO transmission schemes with DM-RS as it allows tailored DM-RS patterns and structure for each MIMO transmission scheme and/or for each channel condition and use case. Furthermore, forward compatibility also supported as there is no common reference signal which needs to be transmitted always. On the other hand, the channel estimation performance is worse than a common reference signal which is well investigated LTE. 
With these observations, it is recommended to design all MIMO transmission scheme based DM-RS while the channel estimation performance should be improved. One simple way to improve the channel estimation performance with DM-RS is to increase the density of the DM-RS within a scheduled resource, which may result in throughput loss due to the DM-RS overhead. Alternatively, precoding granularity of DM-RS can be dynamically handled to optimize the trade-off between precoding gain and channel estimation accuracy. Note that, increase precoding granularity of DM-RS in a scheduled resource to allow channel interpolation across PRBs provide better channel estimation accuracy while losing flexibility of use precoder. Thus, an eNB scheduler may handle the precoding granularity of DM-RS according to the UE channel condition and/or use cases.
Proposal-1: all NR MIMO transmission schemes are designed based on DM-RS and precoding granularity of DM-RS should be dynamically configurable 
As a larger number of antennas may be used in NR, the system performance mainly achieved from multi-user MIMO operation. In LTE, linear MU-MIMO schemes have been used as it works with CSI based on SU-MIMO although there is some CQI mismatch and it is simpler. However, its performance relies on the eNB scheduler as well-conditioned UE pairs need to be scheduled together to minimize the co-scheduled UE interference. 
A non-linear MU-MIMO scheme (e.g., THP and VP) cancels out co-scheduled UE interference at the transmitter which provide significant performance gain especially when the channels of co-scheduled UEs are ill-conditioned. Therefore, a non-linear MU-MIMO scheme may be used when paired UEs have ill-conditioned channel condition for better MU-MIMO gain. However, the non-linear MU-MIMO scheme requires additional operation (e.g., modulo operation of received data symbol) with scalar information which may increase signaling overhead and transmitter/receiver complexity. Therefore, dynamic switching between linear and non-linear MU-MIMO schemes may be used according to the channel conditions and use cases to minimize the signaling and complexity impacts.
Proposal-2: study a non-linear MU-MIMO scheme for better MU-MIMO gain

It has been proposed to study a fully dynamic switching between transmission schemes. For example, in each downlink transmission, an associated MIMO transmission scheme is selected and indicated. In LTE, the dynamic switching between transmission schemes has been supported within a transmission mode. For example, a transmission mode associated one or more transmission schemes and one of the associated transmission schemes is dynamically indicated implicitly based on the detected DCI format. However, since the transmission schemes are tied with a transmission mode, dynamic switching between some transmission schemes in different transmission modes (e.g., OL-MIMO and CL-MIMO) has not been supported.

Considering that a UE channel condition can vary quickly in NR scenario, it seems to be beneficial to support dynamic switching between transmission schemes which may be used in different channel condition. However, although fully dynamic switching within all MIMO transmission schemes may provide scheduling flexibility at the eNB scheduler, it may increase blind decoding complexity and/or control signaling overhead. Therefore, it is still important to support multiple transmission modes to balance between the scheduling flexibility and receiver complexity. Given this, multiple transmission modes are supported in NR while RAN1 strives to minimize the number of transmission modes and to increase the number of transmission schemes in a transmission mode.

Proposal-3: multiple transmission modes should be supported in NR but RAN1 should strive to minimize the number of transmission modes
It has been agreed to study that a UE may receive multiple PRBs and/or antenna ports and the scheduled PRBs or antenna ports (e.g., layer) can be non-QCL-ed which implies that multiple TRPs may transmit signals to a UE at the same time using different frequency and/or spatial resources. The use of multiple TRPs may provide an increased degree of freedom which can be exploited to increase spectral efficiency and/or diversity gain. However, it increases a UE receiver complexity as well as signaling overhead if the QCL status should be indicated dynamically for each antenna port and PRBs. Therefore, the benefits of supporting non-QCL-ed downlink transmissions for a single UE should be investigated carefully to see if it can justify the increased UE receiver complexity and the signaling overhead. 
Proposal-4: non-QCL-ed multiple downlink signal transmission to a single UE should provide a significant benefit to justify the potential increased UE receiver complexity and signaling overhead 
4
Summary
In this contribution, we discussed on MIMO transmission schemes for NR. Based on the discussions, we propose the followings:

Proposal-1: all NR MIMO transmission schemes are designed based on DM-RS and precoding granularity of DM-RS should be dynamically configurable 

Proposal-2: study a non-linear MU-MIMO scheme for better MU-MIMO gain

Proposal-3: multiple transmission modes should be supported in NR but RAN1 should strive to minimize the number of transmission modes

Proposal-4: non-QCL-ed multiple downlink signal transmission to a single UE should provide a significant benefit to justify the potential increased UE receiver complexity and signaling overhead
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