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1. Introduction
In new RAT (NR) system [1], design of DL control channel is important to well support the required features for NR such as control signaling reliability (e.g. for URLLC scenario) and control resource overhead (e.g. for resource flexibility). In this contribution, we discuss some consideration points on the design of DL control channel for NR, in terms of transmission scheme, resource structure, and multi-layer transmission. 
2. Discussions 
In current LTE, single-port transmission scheme was adopted for transmissions of EPDCCH, and it is still attractive transmission scheme for the control channel transmission as it can acquire beamforming gain. 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 ECCE 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 may need to be considered. The transmit diversity scheme requires at least two orthogonal reference signals for differentiation between two antenna ports. Note that 4-port transmit diversity scheme can achieve the diversity order 4 in the space domain, but it would be undesirable due to large RS overhead. 
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 can be considered as control channel transmission schemes for NR system. In addition, if 2 ports are defined for SFBC based control channel transmission, it is possible to support dual-layer SU-MIMO and/or MU-MIMO scheme. In case of dual-layer 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. Regarding dual-layer MU-MIMO scheme, on the other hand, it can efficiently increase control channel capacity by applying accurate precoding as well as assigning appropriate multiple control channels  onto the same resource. 
Proposal #1: Consider both single-port transmission scheme and transmit diversity scheme to support reliable and efficient DL control channel transmission in NR. 
Proposal  #2: Consider to support MU-MIMO transmission of DL control channel in NR.

In case of PDCCH and EPDCCH supported in current LTE, DL control information was designed to be distributed over multiple distributed PRBs to obtain frequency diversity gain as well as interference diversity gain. In addition, localized EPDCCH which is transmitted on one or more consecutive PRB(s) using its own UE-specific DMRS was also designed, and this type of EPDCCH is supposed to maximally achieve beamforming gain. In the same sense, localized and distributed resource allocation can also be considered in the design of DL control channel for NR. 
Proposal #3: Consider both localized and distributed resource allocation for DL control information transmission in NR. 
Furthermore, in the NR system environments, it is possible to use multiple layers by analog/digital beamforming and quasi-orthogonal scrambling sequences. Considering the NR requirements in terms of latency and connectivity, the multi-layer transmission can be applicable not only for data channel but also for control channel, in order to increase control channel capacity. In order to support the multi-layer transmission of control channel, RS multiplexing of each layer needs to be studied. 
Regarding the demodulation RS associated with control channel, channel estimation performance and beam selection flexibility for scheduling need to be considered for selecting multiplexing scheme for the RS. The orthogonal multiplexing scheme such as FDM, TDM, CDM of control channel RSs from multiple layers can acquire good channel estimation performance without inter-layer interference, while it may increase RS overhead depending on the number of layers multiplexed in the same resources. On the other hand, the SDM of control channel RSs can reduce the RS overhead or increase the number of layers with a given RS overhead, while channel estimation performance may be worse due to inter-layer interference. In addition, the SDM may have restriction on beam selection for scheduling related to each layer because eNB should select low-correlated beams for increasing channel estimation performance. Considering channel estimation performance and beam scheduling flexibility, the combination of multiplexing schemes is preferable. For example, the combination of SDM and FDM can be used for multiplexing of control channel RSs from multiple layers, and in this case, eNB may use SDM for low-correlated beams and FDM for high-correlated beams. 
Proposal #4: Consider to support multi-layer transmission for DL control channel in NR. 
Proposal #5: Consider both orthogonal and quasi-orthogonal multiplexing scheme (e.g., SDM, FDM (CDM)) for the demodulation RS related to each layer of DL control channel in NR. 
3. Conclusion
In this contribution, we discussed some consideration points on the design of DL control channel for NR, and the followings are proposed:

Proposal #1: Consider both single-port transmission scheme and transmit diversity scheme to support reliable and efficient DL control channel transmission in NR. 

Proposal  #2: Consider to support MU-MIMO transmission of DL control channel in NR.

Proposal #3: Consider both localized and distributed resource allocation for DL control information transmission in NR. 
Proposal #4: Consider to support multi-layer transmission for DL control channel in NR. 

Proposal #5: Consider both orthogonal and quasi-orthogonal multiplexing scheme (e.g., SDM, FDM (CDM)) for the demodulation RS related to each layer of DL control channel in NR.  
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