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1. Introduction
NR has more stringent requirements compared to LTE and NR DCI (Downlink Control Information) design is an essential part to meet such NR requirements as forward compatibility, flexibility, low latency, multi-beam based transmission, low energy consumption, etc. In this contribution, we briefly present our views on NR DCI design from our perspective. 
Related agreements made during the previous RAN1 meeting [1] are identified below. 
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not

Discussions on Scheduling DCIs
Single-level DCI design has been recently agreed at RAN1 #87 meeting, and also a common PDCCH has been agreed in the previous meeting. Depending on the contents and UE behavior on the common PDCCH, either a UE can process PDSCH based on a separate single-level DCI or a UE can process PDSCH only if a single-level DCI and the common PDCCH are processed. However based on the agreement that a UE should be able to process a detected PDCCH regardless of a common PDCCH, our assumption is that data scheduling information should not be altered by the common PDCCH. In other words, a UE can expect the scheduled information as in the single level DCI. In that sense, unless additional PDCCH or mechanism to convey additional information, so far, single level DCI is supported where single level DCI contains the full scheduling information. 
In addition to the single level DCI design, two-level DCI design is being discussed because many companies think the second-level DCI is better suited for some requirements than the single-level DCI. In this paper, our view on the single and two-level DCI designs is presented. 
2.1 Two-level DCI
In two-level DCI design, DCI contents are split into two parts each of which are coded independently and transmitted in separate channels. Channels carrying the second-level DCI (NR-PDCCH2) can be transmitted either in control region or in data region. Control region here means the time/frequency resources where control information is transmitted and a UE monitors control information. And data region means the time/frequency resources where data is transmitted.
One of potential case where two-level DCI could be useful would be as follows. Firstly, if a UE needs to change numerology for data decoding or adapt its bandwidth for data reception, it is desirable to have very short latency to decode control channel. If two-level DCI is adopted with potentially smaller BD on the first level and first level DCI is transmitted only at the beginning of a slot, control decoding latency may be reduced, and the gap between control and data for bandwidth/numerology adaptation can be minimized. Secondly, if control region is rather fixed or the maximum size would not be sufficient for the required control channel capacity, more control channels can be accommodated to the first level control region by making first level DCI size smaller, and offload DCI contents to second level. 
The similar issue however can be addressed by placing urgent control at the beginning of the slot/search space (for fast decoding), and possibly configure additional control resource sets if capacity becomes an issue. In this sense, we have not identified any critical reason to support two-level DCI so far. Even if two-level DCI is supported, to support for example UL grant, single-level and multi-level DCIs should coexist. 

Proposal 1: If multi-level DCI is supported, it should coexist with single-level DCI.

If the two-level DCI is considered, the second level DCI can be carried either in the same control resource set as the first level DCI or in a different control resource set. Or, even the second level DCI can be carried in data region. Depending on where and which channel the second level DCI is transmitted through, there can be a few options to consider for the two-level DCI. 
· Option 1: First level DCI in control channel (NR-PDCCH1), second level DCI in control channel (NR-PDCCH2), both in control region
In option 1, both first level and second level DCIs are carried in NR physical downlink control channels. The location of the second control channel (NR-PDCCH2) can be predefined or indicated either by higher layer signalling or more dynamically by first level DCI. With this option, DM-RS may or may not be shared between NR-PDCCH2 and PDSCH. 
· Option 2: First level DCI in control channel (NR-PDCCH1) in control region, second level DCI in control channel (NR-PDCCH2) in data region
Second level DCI in option 2 is carried in a control channel (NR-PDCCH2) in data region together with the data, but NR-PDCCH2 and NR-PDSCH are independently coded. Exact time/frequency location of the second level DCI may be predefined in relation to the data region or indicated by first DCI. 
· Option 3: First level DCI in control channel (NR-PDCCH1) in control region, second level DCI in data channel (NR-PDSCH) in data region
Second level DCI in option 3 is carried in a data channel (NR-PDSCH) together with the data. Second level DCI is jointly coded with NR-PDSCH data. Exact location of the second level DCI in relation to the NR-PDSCH data may be predefined or indicated by first DCI. 
In option 2 and 3, DM-RS used for data demodulation can also be used for second level DCI demodulation. When this option is to be used, many aspects such as handling of SU-MIMO, MU-MIMO, DM-RS sharing in multiple layer, MCS of second level DCI, separate or joint coding between second level DCI and data should be clarified. Depending on where control and data are multiplexed in the channel processing, different options and performances are expected. For example, control and data may share the same MCS or use different modulation (e.g., fix QPSK for control). 
In addition, there are some discussions on control capacity expansion or control offloading by adopting ePDCCH like approach. We consider such approach can be considered, but may not be essential in Phase I.  
Observation: Many details of two-level DCIs in consideration of handling multiple layers, DM-RS sharing between control and data, resource mapping between control and data, coding details, etc. are unclear, and in our opinion it takes considerable efforts to finalize two-level DCI design. 

Proposal 2: Before discussing the details of multi-level DCI, the necessity of multi-level DCI should be further justified. When discussing the necessity, consider also other mechanisms to address the same benefits provided by multi-level DCI. 
Basic DCI contents in NR
Basic DCI contents such as parameters related UL/DL scheduling, demodulation, HARQ and Transmit Power Control (TPC) have been supported in current LTE and should also be supported in NR. Basic DCI contents are summarized below.
Scheduling information
[1] UL grant, DL assignment
[2] Resource assignment (RA) 
Demodulation related information
[3] MCS
[4] Transmission Modes (TM)
[5] MIMO parameters
HARQ related information
[6] HARQ process ID, New Data Indicator (NDI), Redundancy Version (RV) 
Power control commands (TPC)

Proposal 3: In NR DCI contents, basic parameters related to UL/DL scheduling, demodulation, HARQ and Power control commands should be included. 

1.1. Additional DCI contents in NR
In addition to basic DCI contents in NR summarized in the previous section, additional information may be necessary to meet diverse NR requirements in terms of forward compatibility, flexibility, low latency, multi-beam based transmission, low energy consumption, etc. In this section, we present our high level view on the potential NR DCI contents that should be added or further developed.
· Advanced scheduling information
· Data start/duration signaling information should be included in NR DCI contents. Scheduling units (slot and mini-slot) can be flexibly configured in NR making time direction signaling more complicated. Detailed mechanism for time domain signaling of data duration should be developed and the necessary information should be reflected in NR DCI contents. The case where data span across slot boundary or span multiple slots/mini-slots should also be considered.
· HARQ-ACK timing and frequency information 
· In addition to basic HARQ related information such as HARQ process ID, NDI and RV, additional information such as exact HARQ-ACK timing and HARQ-ACK frequency can be considered as potential NR DCI contents. Considering the flexibility of NR with slot/mini-slot multiplexing and aggregation of carriers with different numerologies, details on how to indicate exact HARQ-ACK timing and HARQ-ACK frequency (carrier) should be developed and related L1 signalling information should be reflected to NR DCI contents. Considering carrier aggregation in NR, each carrier may have different numerology and TTI. In this case, instead of transmitting all the HARQ-ACK information from each carrier only to anchor cell (anchor carrier HARQ-ACK transmission) as in LTE, sending them to each of the carriers scheduled for downlink reception (per-carrier HARQ-ACK transmission) may be necessary. Information on HARQ-ACK frequency (carrier) in this case indicates to which carrier (anchor carrier or own carrier) HARQ-ACK is to be transmitted. 
· Rate matching patterns information
· Information on the rate matching patterns should be considered for inclusion in NR. For example, if CSI-RS is scheduled for one UE, other UEs need some information to rate match around CSI-RS patterns. The information for rate matching can be transmitted in NR common DCI in the form of either information on the CSI-RS pattern itself or information on available resources. 
· Multi-beam operation related parameters
· In case control and data are transmitted from different TRPs, information about beam direction for data may be necessary. Details on L1 signalling parameters for multi-beam operation in NR should be further considered.  

Proposal 4: Additional information related to advanced scheduling, HARQ-ACK timing and frequency, rate matching patterns, and multi-beam operation should be considered as potential NR DCI contents and details should be developed.

Conclusion
In this contribution, we share our view on the NR DCI design and possible design options for the two-level DCI design. The following proposals are submitted for further consideration: 

Observation: Many details of two-level DCIs in consideration of handling multiple layers, DM-RS sharing between control and data, resource mapping between control and data, coding details, etc. are unclear, and in our opinion it takes considerable efforts to finalize two-level DCI design. 

Proposal 1: If multi-level DCI is supported, it should coexist with single-level DCI.
Proposal 2: Before discussing the details of multi-level DCI, the necessity of multi-level DCI should be further justified. When discussing the necessity, consider also other mechanisms to address the same benefits provided by multi-level DCI. 
Proposal 3: In NR DCI contents, basic parameters related to UL/DL scheduling, demodulation, HARQ and Power control commands should be included. 
Proposal 4: Additional information related to advanced scheduling, HARQ-ACK timing and frequency, rate matching patterns, and multi-beam operation should be considered as potential NR DCI contents and details should be developed.
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