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1. Introduction
General design requirements for NR physical downlink control channel (PDCCH) are discussed in [1]. To fulfill these requirements, proper transmission schemes need to be designed for NR PDCCH. This contribution presents our view on the possible transmission schemes to be supported by NR PDCCH.
2. Discussion
As described in [1], in some cases, localized control and data transmission is preferred in NR for better support of forward compatibility. Moreover, localized NR PDCCH has the advantage to apply DMRS based beamforming transmission. This is of particular importance for NR PDCCH transmitted in high frequency band where beamforming gain has the essential impact on the achievable coverage. More detailed beamforming operations of NR PDCCH transmitted in high frequency band are discussed in [2]. In LTE, to improve the control channel capacity and spectrum efficiency, localized EPDCCH is specified to support beamforming and MIMO transmission with up to 4 spatial layers. To achieve similar spectrum efficiency as LTE EPDCCH, support MIMO transmission can be advantage for NR PDCCH as well.   
[bookmark: p1]Proposal 1: NR PDCCH should support DMRS based beamforming and MIMO transmission with up to x spatial layers, where x is FFS 
In some scenarios, UE specific beamforming transmission may not be feasible for some NR PDCCH. For example, when NR PDCCH schedules a common data message intended to multiple UEs, beamformed transmission towards to a particular UE is obviously not preferred to be employed for the NR PDCCH. In this case, to ensure certain coverage requirement from the deployment scenario, some robust transmission schemes to achieve sufficient diversity should be supported for NR PDCCH as well. LTE PDCCH supports SFBC based transmission diversity with up to 4 antenna ports and frequency diversity achieved by distributed transmission over system bandwidth. Distributed EPDCCH supports DMRS based per RE beam alternating/cycling between two antenna ports. Due to the support of multiple sets of search space configuration, each set can be associated with a TRP, LTE EPDCCH can support dynamic point selection transmission which can increase transmission diversity order across different subframes. To have a comparable performance in terms of coverage and spectrum efficiency, transmit diversity schemes should be also studied for NR PDCCH.      
[bookmark: p2]Proposal 2: NR PDCCH should support transmit diversity schemes to achieve required coverage, and concrete transmit diversity schemes such as beam diversity, and exact coverage requirement are FFS. 
3. Conclusions
Our proposals in this contribution are summarized as follows.
Proposal 1: NR PDCCH should support DMRS based beamforming and MIMO transmission with up to x spatial layers, where x is FFS 
 Proposal 2: NR PDCCH should support transmit diversity schemes to achieve required coverage, and concrete transmit diversity schemes such as beam diversity, and exact coverage requirement are FFS. 
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