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Introduction
New Radio (NR) Access Technology Study Item has been approved in the RAN#71 meeting [1]. The scenarios and requirements of the new radio are described in TR 38.913 [2]. The new RAT need to be designed with all these deployments in mind and cannot focus on just one of the scenarios [3]. Therefore, robustness and flexibility of downlink control channel for resource allocation play an important role for the new RAT. For example, beamforming with massive number of antennas can be used to improve coverage in high frequency communication.  However, due to instability of high frequency channel, it is very important to ensure the robustness of control channel.
In this contribution, these challenges are discussed and an overview of downlink control channel for resource allocation that RAN1 can study to address these requirements is described.
Downlink Control Channel for Different Application
In LTE, the downlink control information (DCI) is carried via the physical downlink control channel (PDCCH) and the enhanced PDCCH (EPDCCH). The PDCCH uses cell specific RS and the whole system bandwidth, which cause problems of inter-cell interference management and forward compatibility. In order to overcome these deficiencies,  EPDCCH uses UE specific DM-RS and configurable resource, but the flexibility of the EPDCCH is limited.


Fig.1 Example of TU Multiplexing in FDM manner for different application
Different application scenario, such as eMBB/mMTC/URLLC, has different requirement for downlink control channel in NR. Downlink control channel is expected to possess low overhead for eMBB, to meet the demand of deep coverage for mMTC, and to be short enough for URLLC. Moreover, the size of frequency resource of different application could be variable in reality, so downlink control channel should be adaptive to different size. As shown in Fig.1, resource of eMBB/URLLC/mMTC is FDM, and these applications have its own time unit (TU), which includes relevant control channel.
Proposal 1: 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Design of downlink control channel should be adaptive to different application. 
· The potential frequency resource used by downlink control channel for a specific application should be the same as the data of the specific application. 
If an UE opens multiple applications at the same time, such as HDTV and V2V, the UE needs to know the location of downlink control channel of these applications. In addition, data volume of an application is time-varying, which means that reserved resource for the application maybe unused at one time, so these resource can be used by other applications if  an UE can get the configured information of  downlink control channel of these applications, such as TU length and resource used by downlink control channel. 


Fig.2 Example of resource sharing for different application
In Fig.2, for example, eMBB uses resource of mMTC and URLLC to improve throughout and URLLC borrows resource from eMBB and mMTC to reduce transmission latency.
Proposal 2:   Multiple configurations of downlink control channel parameters is supported for a UE.  Different configuration of downlink control channel can be considered for different applications.  
Multi-component and Multi-level Downlink Control Channel
In LTE, structure of PDCCH and number of PDCCH blind detection for an UE is relatively fixed. Considering that NR will face various applications and larger frequency band range (below 100GHz), robustness and flexibility of downlink control channel is very important. 



Fig.3 Example of transmission of downlink control channel component
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]For example, narrow beam with large gain is used to overcome propagation attenuation and reduce overhead in high frequency communication, but the possibility of channel blockage for narrow beam is higher than wide beam. Therefore, an UE should have the ability of be configured to detect various control channel component in different TU. As shown in Fig.3, the TU #1, #2, #3, #5, #6, and #7 are configured to transmit control channel component transmitted by narrow beam, and the TU #4, #8 are configured to transmit control channel component transmitted by wide beam or narrow beam, which is decided by the TRP.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 3:  Multi-component downlink control channel structure should be considered in NR. 


Fig.4 Example of multi-level downlink control channel
As shown in Fig.4, in order to increase the flexibility of control channel, two-level control channel structure is introduced. The TU #1, #5, are configured to transmit the first level control channel and the second level control channel, and the TU #2, #3, #4, #6, #7, #8 are configured to transmit the second level control channel. The first level control channel indicate key parameters of the second level control channel, such as format, resource, coding, receiving method, etc. For example, the first level control channel uses different precoding method from the second level control channel, which ensure that the robustness of the first level control channel is higher than the second level control channel.
By this way, NR system could configure various control channel structure to an UE according to real service requirement, channel environment, system load, etc.
Proposal 4: Multi-level downlink control channel structure should be considered in NR. 
Conclusion
In this contribution, some issues and considerations on downlink control channel of NR MIMO are discussed. According to the analysis, the following proposals are made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1:  Design of downlink control channel should be adaptive to different application. The potential frequency resource used by downlink control channel for a specific application should be the same as the data of the specific application. 
Proposal 2:   Multiple configurations of downlink control channel parameters is supported for a UE.  Different configuration of downlink control channel can be considered for different applications.  
Proposal 3:  Multi-component downlink control channel structure should be considered in NR. 
Proposal 4: Multi-level downlink control channel structure should be considered in NR. 
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