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1. Introduction
DCI contents are dependent on the system deployment and UE configuration. They also depend on features that are supported in NR and the procedures to enable them. It may be natural that we base our DCI contents on existing LTE system and develop additional parameters needed to support added features to be introduced in NR. In this contribution, we summarize basic DCI contents that are mainly from existing LTE DCI contents and present our view on the additional DCI contents that need to be introduced for NR. 
Related agreements made during the previous RAN1 meeting [1] are identified below. 
Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
Agreements:
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.
· Potential specification impact includes but is not limited to:
· FFS:CSI-RS measurement
· FFS: the time and frequency granularity of dynamic resource allocation
· FFS: If spectrum confinement (filtering, windowing, …) can be dynamically varied or not 
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 
Agreements:
· Asynchronous and adaptive HARQ is supported for DL
Agreements:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner
· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)
· FFS adaptation at the level of a mini-slot
· Other aspects, if any, are not excluded
· Note: the applicability of the above bullets in terms of spectra is a separate discussion

Discussion
In this paper, we present our high level view on NR DCI contents. Our discussion starts with basic NR DCI contents that are present in existing LTE and are still needed in NR and then proceeds to additional NR DCI contents that are introduced to support various NR requirements. 

2.1 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
· UL grant, DL assignment
· Resource assignment (RA) 
Demodulation related information
· MCS
· Transmission Modes (TM)
· MIMO parameters
HARQ related information
· HARQ process ID, New Data Indicator (NDI), Redundancy Version (RV) 
Power control commands (TPC)

Proposal 1: In NR DCI contents, basic parameters related to UL/DL scheduling, demodulation, HARQ and Power control commands should be included. 

2.2 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 2: 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 views on NR DCI contents. The following proposals are submitted for further consideration: 

Proposal 1: In NR DCI contents, basic parameters related to UL/DL scheduling, demodulation, HARQ and TPC should be included. 
Proposal 2: 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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