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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 control subband, 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 NR control channel transmission 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 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 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 should be supported. For CSS where shared RS is used and control channel is targeted for a group of UEs, transmit diversity scheme based on two ports would be necessary. Thus, we propose the following. 

Proposal #1: Support both 1-port beamforming scheme and 2-port transmit diversity scheme for reliable and efficient DL control channel transmission in NR. For USS, 1-port beamforming scheme is at least supported. For CSS, 2-port transmit diversity based on SFBC is at least supported. FFS on other cases. 
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 carried in a control subband. Regarding MU-MIMO scheme, it can offer benefits of dynamic point switching, and also possibility to increase control channel capacity.  In terms of additional overhead to support MU-MIMO, we can adopt principles of EPDCCH MU-MIMO capability, though further study is necessary to make MU-MIMO operation more flexible. 
Proposal #2: Support MU-MIMO transmission of DL control channel in NR. 
In case of PDCCH and EPDCCH, 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. With the similar principles, localized and distributed resource allocation can also be considered in the design of DL control channel for NR. Distinction between localized and distributed should be considered in both time and frequency domain. For example, with localized resource mapping, it can be restricted to one OFDM symbol, or it can be applied to the entire slot. Generally, to reduce DM-RS overhead, and allow DM-RS sharing among different REGs in a PRB, our general preference is to assume that both time and frequency are localized if localized resource mapping is used. This implies that even if control subband spans more than one OFDM symbol, generally, one CCE is mapped on the PRB as long as it spans a few OFDM symbols. Even when distributed mapping is considered, localized resource mapping in time domain can still be considered to reduce DM-RS overhead. In other words, when control region spans a few OFDM symbols, it can be considerable to map mostly one CCE per PRB. Regarding the transmission scheme, 1-port beamforming scheme with possibly MU-MIMO support can be supported for the localized resource allocation, and 2-port transmit diversity scheme can be supported for the distributed resource allocation. Detailed view on resource unit of each resource allocation type can be found in our companion contribution. [2]
Proposal #3: Support both localized and distributed resource allocation for DL control information transmission in NR. When localized resource allocation is considered, localization in both time and frequency is desired. 
Proposal #4: At least for the case where DL control region consists of one or a few OFDM symbol(s), NR control design should minimize multiplexing of different NR-CCEs in a PRB when UE/PDCCH-dedicated RS is used in the PRB. 
In RAN1#86bis meeting, it was agreed that a UE monitors for downlink control information in one or more “control subband”, and it is smaller than or equal to the carrier bandwidth. In our understanding, the control subband can be used for changing TRP/cell dynamically, for example, control subband specific scrambling parameters can be configured for implicit TRP changing. Another possible use case is to support variable transmission modes, for example, resource allocation type (e.g., localized/distributed) can be configured to each control subband for adapting to various environments. For these reason, we propose that a UE monitors for downlink control information in multiple control subbands, and different control subbands can have different characteristics (e.g., scrambling parameters, resource allocation type).  Regarding contiguous or non-contiguous, we can consider non-contiguous mapping. One example of use case is to allocate two different frequency regions for localized resource mapping to possibly obtain frequency diversity gain, at least for large aggregation levels. Also, for distributed resource mapping, to maximize frequency diversity without allocating too large bandwidth, it can be considered to allocate different frequency region in one control subband. Generally, we consider control subband can consists of a set of PRBs in frequency domain. 
Proposal #5: A UE can monitor for downlink control information in multiple control subbands and different control subbands can have different characteristics.

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: Support both 1-port beamforming scheme and 2-port transmit diversity scheme for reliable and efficient DL control channel transmission in NR. For USS, 1-port beamforming scheme is at least supported. For CSS, 2-port transmit diversity based on SFBC is at least supported. FFS on other cases.  

Proposal #2: Support MU-MIMO transmission of DL control channel in NR.

Proposal #3: Support both localized and distributed resource allocation for DL control information transmission in NR. When localized resource allocation is considered, localization in both time and frequency is desired.  
Proposal #4: At least for the case where DL control region consists of one or a few OFDM symbol(s), NR control design should minimize multiplexing of different NR-CCEs in a PRB when UE/PDCCH-dedicated RS is used in the PRB.
Proposal #5: A UE can monitor for downlink control information in multiple control subbands and different control subbands can have different characteristics.
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