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1. Introduction
At RAN1 #85, the following agreements were made on NR DL transmission schemes [1]:
· 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
At RAN1 #86bis, it is further agreed that [2]:

· Support downlink transmission scheme(s) achieving diversity gain at least for some control information transmission

· Exact scheme is for further study.

· Specification support for such transmission schemes, i.e., the scheme(s) may or may not be implemented in spec-transparent manner
· Note: The data/control channel transmission is at least based on DM-RS for demodulation.
· DL and UL transmission techniques should be studied to provide robustness against imperfect CSI and mobility

· e.g.) The techniques using a subset of beams/precoders may include beam cycling, beam broadening, etc.

· e.g.) In case of DL and FDD, this technical scope may include semi-open-loop MIMO technique being discussed in LTE eFD-MIMO.

In this contribution, we discuss possible design considerations on DL MIMO transmission schemes, and related reference signal and DCI designs.
2. Discussion
Due to various deployment scenarios and diverse requirements in different use cases, the NR system needs to support multiple transmission schemes, such as (semi) open-loop and closed-loop spatial multiplexing transmission, SU/MU MIMO, single/multi-TRP transmission and transmit diversity. On the other hand, to simplify the system design and reduce the transmission mode reconfiguration latency, the number of transmission modes in NR should be less than the 10 transmission modes in the current LTE. To meet these requirements, NR needs to consider more flexible design for DL MIMO transmission schemes, CSI-RS configuration, CSI reports and DCI structures. 
2.1 CSI configuration and report

In the current LTE, CSI-RS and CSI reports are configured by the RRC signalling, which may cause a complicated configuration indication and not able to support fast dynamic transmission mode switching in NR. Therefore, NR need more flexible CSI-RS configuration and report procedure to allow the UE to report CSI per NR node’s configuration with a low latency. To further reduce the signalling overhead of the configuration, a group-based CSI-RS configuration may be used to schedule CSI measurement and feedback for multiple UEs which have the same CSI configuration.
Proposal 1: More efficient CSI-RS configuration and report procedure should be supported in NR. Group-based CSI-RS configuration should also be studied in NR to reduce the signalling overhead.
2.2 DL control channel design to support DL MIMO transmission
In LTE, the switching between different transmission modes is configured by RRC signaling, and within each configured transmission mode a UE is only allowed to fall back from the configured transmission mode to a default transmit diversity scheme. However the latency of the semi-static RRC signaling may fail switching transmission modes in time for faster fading in the high frequency radio channels of a NR system.

Due to diverse requirements in different use cases, the NR system needs to support multiple transmission modes, which should be less than the 10 transmission modes in the current LTE. A more dynamic transmission mode switching is desired to meet faster fading in the high frequency radio channels of a NR system. As proposed in [3-6], a two-level DCI structure may be a potential solution for NR to support the dynamic transmission mode switching. For an example, the first level DCI(s) may have a unified format, which contains the transmission mode indicator. The first level DCI(s) may be blindly decoded with a limited sizes for reducing the blinding decoding complexity, and may also contain the parameter to indicate the search space for the second level DCI(s). The second level DCI(s) may be designed to carry the detailed information for DL transmission according to transmission mode indicated in the first level DCI(s).
Proposal 2: The two-level NR DCI structure should be studied in NR to support flexible dynamic transmission mode switching.

2.3 DL MIMO transmission framework
In the LTE, there are 10 transmission modes, and each mode may require different RS configurations (e.g., CRS or CSI-RS for channel estimation and CRS or DM-RS for demodulation), different DCI formats for DL control channel and different CSI report formats. It causes a complicated configuration indication when the NR system switches the transmission modes via the RRC signalling, which is not suitable for the faster fading in high frequency radio channel. In NR, it is still necessary to support various transmission schemes for DL MIMO transmission [7], but a more flexible DL transmission framework that could be dynamically configured for different transmission modes for the following design aspects is desired.

· NR may support a configurable reference signal design including the reference signal for channel estimation (e.g., CSI-RS) and the reference signal for demodulation (e.g., DM-RS). Different transmission modes may require different CSI-RS configurations such as CSI-RS resource allocations and transmission intervals. NR may dynamically reconfigure the CSI-RS without involving complicated higher layer signalling.
· The CSI report format may also be configurable. Different transmission modes may require different kinds of channel information, CSI granularities and interference hypotheses. For example, the semi-open loop transmission may only require long-term channel information, but the close-loop transmission depends on more detailed channel information, such as PMI and RI. The MU-MIMO transmission is more sensitive to interference measurement error, and more interference hypotheses may improve the NR node’s scheduling flexibility. Hence, CSI interference channel measurement (CSI-ICM) report may be more desirable for MU-MIMO to reduce the overhead caused by the large number of interference hypotheses and to improve NR node’s scheduling flexibility [8].

· Based on the CSI reports from UEs, the NR node may determine the transmission mode and schedule the downlink transmission for the UEs accordingly. NR should support various transmission schemes, such as (semi) open-loop and closed-loop spatial multiplexing transmission, SU/MU MIMO, single/multi-TRP transmission and transmit diversity. However, the transmission schemes could be design as transparent to the UE as possible to simplified the signalling between the NR node and the UE, so the number of transmission modes in NR may be minimized [4,7]. For example, the single/multi-TRP coordinated transmission could be transparent to the UE by assigning different DM-RS for DL transmission. 
· A unified DCI structure for DL control channel is designed to support different transmission modes. As an example, the transmission mode indicator, the scheduling decision and the other DL transmission information may be transmitted in the two-level DCI as described in Section 2.2.
Proposal 3: A DL MIMO transmission framework that may be dynamically configured for different transmission modes should be studied in NR with the following design considerations:

· A configurable reference signal and CSI report design for all transmission modes;

· A unified DCI structure for DL control channel to support all transmission modes;

· Different DL transmission modes should be as transparent to the UE as possible. 
· The total number of transmission modes in NR should be minimized.
3. Conclusion

In this contribution, we discussed NR DL MIMO transmission schemes as well as the reference signal and DCI design to support the flexible DL transmission. In summary, we concluded the following:
Proposal 1: More efficient CSI-RS configuration and report procedure should be supported in NR. Group-based CSI-RS configuration should also be studied in NR to reduce the signalling overhead.

Proposal 2: The two-level NR DCI structure should be studied in NR to support flexible dynamic transmission mode switching.

Proposal 3: A DL MIMO transmission framework that may be dynamically configured for different transmission modes should be studied in NR with the following design considerations:

· A configurable reference signal and CSI report design for all transmission modes;

· A unified DCI structure for DL control channel to support different transmission modes;
· Different DL transmission modes should be as transparent to the UE as possible. 
· The total number of transmission modes in NR should be minimized.
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