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1. Introduction
In RAN1 AdHoc meeting (Jan.), following agreements for transmission schemes were made as follows;
	Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)

Agreements:
· Transmit diversity scheme for DL control channel is supported.

· FFS; SFBC or precoder-cycling, etc

· Other schemes are not precluded

· FFS number of antenna ports (1 or 2)

· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs

· FFS;  if the fixed number is configurable


In this contribution, we discuss transmission scheme for NR-PDCCH including transmit diversity scheme and multi-layer transmission.
2. Discussions 
In current LTE, single-port UE-dedicated beamforming scheme was adopted for transmission of EPDCCH, and it is still attractive transmission scheme for the NR control channel as it can acquire beamforming gain with low RS overhead. On the other hand, this scheme requires reasonably accurate channel knowledge at the eNB for deciding suitable beamforming vector for the receiving UE. If the channel knowledge is inaccurate, then a relatively large resource (e.g. higher control channel element (CCE) aggregation level) may be needed to satisfy demodulation requirement of control channel, or other scheme which is robust in such circumstances is necessary. When accurate channel knowledge is not guaranteed at eNB side, single-port transmission scheme is not suitable to support reliable and efficient control channel transmission. In order to support robust transmission even with inaccurate channel information, transmit diversity scheme such as SFBC should be needed.
As mentioned above, single-port transmission scheme is beneficial when the channel information is reasonably accurate, while transmit diversity scheme is robust with inaccurate channel information. Therefore, both two schemes should be considered as control channel transmission schemes for NR system. For USS where UE/PDCCH-dedicated RS is used with possibly accurate CSI, we consider that single port beamforming and localized resource mapping should be supported. If the channel information is inaccurate, transmit diversity scheme with distributed resource mapping can be used for USS. For CSS where shared RS is used and control channel is targeted for a group of UEs, transmit diversity scheme with distributed resource mapping would be necessary. The resource mapping (e.g., localized/distributed) is discussed in our companion contribution [1].
Regarding the 1 port UE-dedicated beamforming scheme, it should be considered seriously, whether CSI measured on data region can be used for NR-PDCCH transmitted on control region. Because interference environment on control region may differ from it on data region, CSI reported by a UE for data transmission may be inaccurate for NR-PDCCH transmission. If CSI for data transmission is not suitable for NR-PDCCH, in order to solve this problem, CSI report for control channel could be considered, and IMR on control region could be introduced for interference measurement of control region. Further studies are needed for more details, if it is needed.
Regarding the transmit diversity scheme, some simulation results are provided in our companion contribution [2]. According to those results, SFBC shows better performance in general, but the performance gap between two schemes (i.e., SFBC and 1 port RB level precoder cycling) is decreased in high aggregation level. Basically, we prefer SFBC as a transmit diversity scheme of control channel. However, both schemes may be used for NR-PDCCH for increasing scheduling flexibility of gNB, for example, precoder cycling can be used for localized mapping and SFBC can be used for distributed mapping. In this case, either 1-port UE-dedicated beamforming or 1-port precoder cycling can be used UE-transparently in a control resource set with localized mapping.
Proposal 1: Support both 1-port beamforming scheme and 2-port SFBC for reliable and efficient DL control channel transmission in NR. 
Proposal 2: For USS, 1-port UE-dedicated beamforming scheme and 2-port SFBC are supported. For CSS, 2-port SFBC is supported.
In addition, SU-MIMO and/or MU-MIMO scheme need to be also considered. In case of SU-MIMO, the target would be limited to the UEs experiencing multi-rank channel, and moreover, it may require more processing time to decode control information at UE side. Also, when multiple layers are supported, it generally requires feedbacks to adapt number of layers, configuration per layers, etc., which would be challenging and may require additional overhead for control channel transmission. In this sense, our preference is to assume single layer transmission from a UE perspective for a control channel. Regarding MU-MIMO scheme, it can offer benefits of dynamic point switching, and also possibility to increase control channel capacity. The MU-MIMO operation can be performed by orthogonal RS ports or quasi-orthogonal RS sequences. In our view, 
Proposal 3: MU-MIMO is supported for NR-PDCCH.
3. Conclusion
In this contribution, we discuss some issues on transmission schemes for NR-PDCCH, and followings are proposed;
Proposal 1: Support both 1-port beamforming scheme and 2-port SFBC for reliable and efficient DL control channel transmission in NR. 
Proposal 2: For USS, 1-port UE-dedicated beamforming scheme and 2-port SFBC are supported. For CSS, 2-port SFBC is supported.
Proposal 3: MU-MIMO is supported for NR-PDCCH.
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