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1. Introduction
In RAN1#85 meeting, it was agreed to study semi OL (Open-Loop) SM (Spatial Multiplexing) techniques for DL MIMO for NR [1]. In RAN1#86 meeting, transmission/reception techniques for robust transmission considering UE movement, rotation and/or channel/beam blockage are agreed to study as follows:

Agreements:
· Study at least the following techniques under the consideration of UE movement, rotation and/or channel/beam blockage including

· Beam management of UE/TRP Tx/Rx beams

· Transmission/reception techniques to provide more robustness (e.g. semi-OL MIMO transmission, beam cycling, beam broadening)

Agreements:
· Study the use of UL frequency selective precoding for precoded transmission including precoder cycling

In addition, various reciprocity conditions are agreed to be studied/supported including non-reciprocity and partial reciprocity conditions as follows:
Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

Agreements:
The following aspects for UL MIMO transmission should be supported:

· Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases
· If needed, signalling associated with UL reciprocity based operation is introduced, e.g. UE capability which indicates calibration accuracy
· Whether to differentiate reciprocity non-calibrated UEs from non-reciprocity or not is to be studied

· Note: the number of transmission schemes/methods can be further discussed
Based on the agreements, in this contribution, we discuss motivation and possible solutions of semi OL MIMO techniques for NR.
2. Use cases of semi-OL MIMO
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, OL MIMO and semi-OL MIMO shall be essential techniques in NR. Pure 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, semi-OL MIMO that can achieve moderate beamforming gain in addition to spatial diversity will potentially be beneficial in NR.
Proposal 1: Semi-OL MIMO schemes should be supported in NR at least for data transmissions.
Semi-OL MIMO can be applied both uplink and downlink. For downlink, a part of precoder information can be reported from UE to TRP. For uplink, a part of precoder information can be signalled from TRP to UE. In TDD, the same techniques can be applied without control signalling based on partial channel reciprocity assumptions.
Proposal 2: Semi-OL MIMO schemes should be considered for both DL and UL and for both TDD and FDD. 

3. Potential approaches
In this section, we introduce several semi-OL MIMO approaches.
· Long term channel based semi-OL MIMO
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 diversity 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 a coarse beam can indicate relatively wide region, so that it will be more robust to channel aging effect than CL MIMO. 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, semi-OL 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 OL MIMO schemes such as random 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. 
For the other example of this concept, consider hierarchical beam selection procedure, where the first beam selection procedure is intended for a coarse beam selection and the second beam selection procedure is intended for a fine beam selection where the second beam selection is based on CSI-RS beamformed by the UE preferred coarse beam. If a UE is vulnerable to channel aging, then TRP can use only the coarse beam information for the data transmission. In this procedure, one or both procedures can be used for analog beam selection in case of hybrid beamforming.
· UE mobility information based semi-OL MIMO
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, OL MIMO schemes can be used within the beam group (e.g. beam cycling). 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. 
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· Schemes 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. Closed loop MIMO operation can still be applied per panel in this case so that this can be viewed as a semi-OL MIMO technique.

Proposal 3: Consider following approaches for semi-OL MIMO; Long term channel based schemes, UE mobility information based schemes, and schemes for alleviating impacts of time-varying RF distortions.
4. Conclusion
This contribution discussed use cases and several semi-OL MIMO approaches for NR. Following proposal is given, based on the discussion:
Proposal 1: Semi-OL MIMO schemes should be supported in NR at least for data transmissions.
Proposal 2: Semi-OL MIMO schemes should be considered for both DL and UL and for both TDD and FDD. 

Proposal 3: Consider following approaches for semi-OL MIMO; Long term channel based schemes, UE mobility information based schemes, and schemes for alleviating impacts of time-varying RF distortions.
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