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1. Introduction
In the RAN1 meeting #86bis, several agreements regarding MIMO schemes were made as followings:
Agreements:
· 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. 
Agreements:
· 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.

Motivation
In NR high frequency bands, channel aging impact, i.e. the channel variation between the CSI measurement instance and the data transmission instance, can be more severe because of increased Doppler, UE beamforming and rotation aspects, and bursty inter-cell interference such as the flash-light effect, resulting from poor cell isolation. In addition, RF impairments possibly cause a time-varying distortion (e.g. imperfect calibration between panel arrays). In this regard, diversity achieving MIMO techniques shall be essential in NR. Applying pure open loop (OL) MIMO may require additional techniques beside multi-antenna processing for compensating coverage at high frequency bands such as repetition and power boosting. These techniques however may not be a good approach for the data transmission targeting high spectral and energy efficiency. Accordingly, new diversity achieving MIMO techniques that can achieve moderate beamforming gain in addition to spatial diversity will be needed for NR.

Diversity achieving MIMO techniques for NR
· Long term channel information based beam/precoder cycling
CSI (Channel State Information) could be divided into long-term CSI and short-term CSI in terms of how fast the information is changing. Using short-term CSI can optimize the transmitted signal to the current channel, and thus maximize spatial multiplexing gain or beamforming gain. On the contrary, long-term CSI provides coarse information on the current channel, having a tendency to change slowly over short-term CSI. Especially, long-term CSI corresponding to a group of beams or beam directions can allow transmission to relatively wide region, so that it will be more robust to channel aging effect than full CSI based transmission. Therefore, if the validity of CSI at the transmitter is expected to be expired fast, it would be better to exploit long-term CSI instead of short-term CSI. 
In Rel.14 eFD-MIMO, diversity achieving MIMO techniques based on dual codebook which comprises a group of directional beams, selectors, and cophase between cross-poles are being discussed. For example, a UE reports a group of directional beams (i.e. W1) in addition to RI and CQI. TRP can use beam cycling to transmit PDSCH for precoding/beamforming with finer spatial granularity (i.e. W2) within the group of directional beams reported by the UE. Therefore, spatial diversity gain can be achieved as well as beamforming gain through approximate direction information of channel. 
The same idea can be applied in NR with probably different codebook structure than LTE or other feedback schemes. Conceptually, for DL FDD case, the beam/precoder cycling can be based on UE report, e.g. N preferred Tx beams. In case of DL TDD, gNB can acquire N preferred Tx beams by receiving the uplink sounding reference signals assuming DL/UL channel reciprocity. In partial channel reciprocity conditions, it is also possible to choose N Tx beams whose directions are close to its best Rx beam direction. Utilizing the information on the N preferred Tx beams, the gNB can use beam cycling scheme to achieve the diversity in DL transmission. 
The same approach can also be considered for UL transmission. UE could use multiple favourable beams/precoders for UL transmission by applying each of them per given time/frequency resource.
· UE mobility information based beam/precoder cycling
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In cases of UEs on a train or a car on high way, UE’s movement may be predictable by the network. In this case, UE preferred narrow beam information may be inaccurate due to the high speed movement of UE. However, TRP could first group a set of beams by considering the UE’s movement (velocity, directivity, acceleration, etc.) as well as the preferred beam information. Then, beam cycling technique can be used within the beam group. In Figure 1, UE reports the best beam suitable to the current channel. Then, TRP chooses a group of beams by considering UE’s moving direction. The UE mobility can be measured either by TRP or UE using various techniques based on sensor information embedded in UE, a signal strength variation, and so on.
· Beam/precoder cycling for alleviating impacts of time-varying RF distortions
If time-varying RF distortion is expected, one way to alleviate the negative impact is to randomize the components affected by the distortion. For example, if there is no phase calibration between panel arrays, the transmitter could apply random phases between panels when the phase distortion is time varying and unexpected. Also, CL MIMO operation can still be applied per panel in this case.
Proposal #1: Beam/precoder cycling transmission technique needs to be considered in NR for both DL and UL, where the set of beams/precoders can be narrowed down based on long-term channel information or UE mobility information (e.g., speed, direction, etc.). 

Impact on DMRS design for supporting beam/precoder cycling 
Beam can be changed per given time/frequency unit, where the unit can span N symbols in time and M subcarriers in frequency. If DMRS exists every time/frequency unit, the cycled beam can be transparent to UE. A large time/frequency unit can limit the diversity gain especially when the scheduled resource is small, but can give more freedom to TRP to select beams/precoders per each time/frequency unit assuming DRMS transmission per each time/frequency unit. On the other hand, a small time/frequency unit can provide more diversity gain, but can lead to increase DMRS overhead to maintain the precoder transparency. Accordingly, the tradeoff between percoder flexibility/transparency and DMRS overhead should be taken into account. 
Proposal #2: For beam/precoder cycling techniques, proper size of time/frequency resource maintaining each beam needs to be determined by taking into account precoding flexibility and impact on DMRS design.

2. Conclusion
In this contribution, we have studied the diversity achieving MIMO techniques and proposed as following:
Proposal #1: Beam/precoder cycling transmission technique needs to be considered in NR for both DL and UL, where the set of beams/precoders can be narrowed down based on long-term channel information or UE mobility information (e.g., speed, direction, etc.). 
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