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Introduction
In RAN1#86bis, some progress has been made for the DL control design of the New Radio (NR) with the following agreements:
Agreements:
NR should support
· UE/PDCCH-specific DM-RS for PDCCH reception. At least for beamforming, UE may assume same precoding operation for PDCCH and associated DM-RS for PDCCH.
· FFS: DM-RS is PDCCH-specific and/or UE-specific
· Shared/Common RS for PDCCH reception
· Whether this sharing will be transparent to UE is FFS
· FFS: Whether UE may assume the same precoding operation between RS and PDCCH
· FFS: QCL between antenna ports for PDCCH demodulation
· Tx diversity supported. Which scheme/how FFS
Agreements:
For the frequency-domain aspects:
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· FFS: One DCI message is transmitted within one control subband.
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 
· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain. 
· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· FFS: multiplexing of multiple control channels in a subband

Agreements:
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot
Agreements:
· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.
Agreements:
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs
· FFS: whether multiple NR-CCEs may share one or more PRBs
FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.

In this contribution, we provide further details of the DL control design for NR such as beamforming support, control structure and blind decoding reductions, and make some observations in the conclusion.

DL Control Channel Design for NR  
The DL control design for legacy LTE system was in principle partitioned into common control information and user specific control information. The common control information includes system information, paging, random access responses and power control commands which were mainly scheduled on the common search space (CSS) while user specific control information were exclusively transmitted in the user-specific search space (USS).
 
Beamforming transmission: It is envisioned that the New Radio (NR) will be predominantly beamforming oriented transmission including single beam that defines the coverage of the whole cell (e.g. legacy LTE), see Figure 1 below.
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   Figure 1. Illustration of Single beam (left), Multi-beam (middle) and user specific beam (right)

If the transmission of common (i.e. broadcasted) control information is needed (e.g. SI, RAR), the main issue is how to handle the broadcasted information as NR is beam-oriented system. In our view, the broadcasted control information is needed for NR and can be transmitted in predefined or dynamically scheduled resources by utilising a beam-specific transmission (i.e. a beam that covers a part of the cell) in which beam-specific reference signals (BRS) are used for demodulating reference signals. In this case, the precoding should be same for both BRS and common control information.
In addition, the user specific control information can be scheduled dynamically by employing a user-specific-beam transmission based on user-specific channel state information (CSI/precoding) where user-specific reference signals are used as demodulating reference signals (DMRS). 

Observation 1: The broadcasted control information (e.g. SI, RAR) can be transmitted in predefined or dynamically scheduled resources by utilising a beam-specific transmission (i.e. a beam that covers a part of the cell) in which beam-specific reference signals (BRS) are used for demodulating reference signals.

Control Structure: A control channel could be mapped to frequency-domain resource with a basic unit of “control subband” where a UE monitors for downlink control information in one or more control subbands. The subband size should not be too large as it will be inflexible for forward compatibility, hence, it may be reasonable to align with the narrowband of LTE eMTC (or PSS/SSS, PBCH) which is 6RBs in frequency domain. This is beneficial for reducing the complexity and power consumption for some UEs when monitoring the control channels. Note that a UE can monitor one or more control subbands depending on its status (e.g. category, idle mode, connected mode) in which the subbands are either contiguous or distributed across the system bandwidth as shown on Figure 2. This means that a DL control channel can be mapped to one or more NR-CCEs within one or more control subbands.
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Figure 2. Example of Configurable “Control subbands”

Observation 2: The control subband size should not be too large as it will be inflexible for forward compatibility, so, it may be reasonable to align with the narrowband of eMTC which is 6RBs in frequency domain. A UE can monitor one or more control subbands.
In time-domain, a control channel can be mapped to one or more OFDM symbols at the beginning of the slot. The main benefits are early decoding and less buffering compare to when the control spans to the end of the slot. However, it is unclear how many OFDM symbols are needed for different applications of the NR. One way is for at least common search space in which the precoding is same for both BRS and common control information, the number of OFDM symbols could be fixed in time domain while the number of control subbands could be configurable in order to allow for interference coordination and future extension.
Observation 3: At least for common search space in which the precoding is same for both BRS and common control information, the number of OFDM symbols in time domain should be fixed in time domain while the number of control subbands should be configurable in order to allow for interference coordination and future extension.
Blind decoding reduction: Blind decoding has an impact on UE complexity, power consumption as well as decoding latency. So methods for blind decoding reduction has to be investigated further. One method already used in LTE is the differentiation bit for compact DCI formats (e.g. DCI formats 0/1A), and therefore it is beneficial to be extended to contain more bits to differentiate more DCI formats (e.g. 2 or 3 bits) for NR in order to reduce the number of blind decodings at the terminal.
Observation 4: For blind decoding reduction, one method already used in LTE is the differentiation bit for compact DCI formats (e.g. DCI formats 0/1A), therefore for NR, it is beneficial to be extended to contain more bits to differentiate more DCI formats (e.g. 2 or 3 bits) in order to reduce the number of blind decodings at the terminal.

Conclusion
In this contribution, we have provided some details of the DL control design for NR and we have the following observations:
Observation 1: The broadcasted control information (e.g. SI, RAR) can be transmitted in predefined or dynamically scheduled resources by utilising a beam-specific transmission (i.e. a beam that covers a part of the cell) in which beam-specific reference signals (BRS) are used for demodulating reference signals.

Observation 2: The control subband size should not be too large as it will be inflexible for forward compatibility, so, it may be reasonable to align with the narrowband of eMTC which is 6RBs in frequency domain. A UE can monitor one or more control subbands.
Observation 3: At least for common search space in which the precoding is same for both BRS and common control information, the number of OFDM symbols in time domain should be fixed in time domain while the number of control subbands should be configurable in order to allow for interference coordination and future extension.
Observation 4: For blind decoding reduction, one method already used in LTE is the differentiation bit for compact DCI formats (e.g. DCI formats 0/1A), therefore for NR, it is beneficial to be extended to contain more bits to differentiate more DCI formats (e.g. 2 or 3 bits) in order to reduce the number of blind decodings at the terminal.
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