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Introduction
As discussed in our companioned contribution [1], some aspects of DL control channel designed are proposed. For example, blind decoding provides little benefit on the saving of control overhead but increases the complexity of UE decoding and UE power consumption. Dynamic TDD configuration with flexible scheduling of variable length of TTI should be supported.  The control channel overhead should be minimized with the support of multi-mini-slot, multi-slot, cross-mini-slot, and cross-slot scheduling.  The UE power consumption should be reduced by configuring DL control channel monitoring period.  We will further discuss principle of UL DCI formats designs in this paper.
UL DCI format considerations 
As discussed in [1], the DL control region for UL grant is located at the beginning of the DL region. UE can decode  all of the DL control channels carrying UL grant. The UL DCI format would include explicit   user identification for UE to distinguish whether the UL grant is for him.. 
The DCI design in NR system targets to support different types of services and the resource allocation for a single UE or shared by multiple UEs. If the length of the DCI format is implicitly indicated, the UE has to assume the maximum size. The DL control channel overhead increases.  In order to support variable length of DCI format, DCI format could be designed with two parts – the basic field and extension field.  The basic field consists of the common fields, such as resource allocation, NDI, MCS, and UE ID for all transmission schemes.   The extension field contains additional control information specific for different transmission scheme or service type.    
In the case of multiple UEs sharing the same set of resources, e.g. UL MU-MIMO and UL non-orthogonal access, explicit indication of the scheduled UE ID should be included in the DCI format contained.  Asynchronous HARQ was used for the UL transmission in the LTE latency reduction feature.  Asynchronous HARQ should be the default HARQ operation for NR UL transmission.  The retransmission time and resource allocation of asynchronous HARQ operation be indicated in the associated UL grant. The acknowledgement of asynchronous HARQ operation is captured by the NDI field for a given HARQ process.   HARQ ID is used to indicate the number of HARQ processing. In addition, explicit indication of time and resource of UL HARQ-ACK should be also contained in the UL grant as the variable TTI length is used. The DCI field should also include the indication of the UL transmission time in the slot. 
 
Observation: NR UL DCI format is designed to support flexible resource allocation for a single user or multiple users.

NR UL DCI content
As discussed above, the potential content of the UL DCI formats for NR system is summarized  in the following table.
Table1: NR UL DCI content
	Bit field
	Note

	Resource allocation
	Indicate the resource allocation for UL transmission in time and frequency.
The RA should indicate the time and frequency resource for both the UL data channel and UL control channel.

	Receiving UE ID
	Indicate which UE(s) the DCI(s) is(are) associated with. For example, the indication can be an explicit physical ID.

	UL data transmission time
	Indicate the actual time position of UL data transmission

	UE IDs scheduled in the same resource set and the associated access information
	This field is need when several UEs sharing the same resource set.

	HARQ timing
	HARQ timing is used to indicate the timing relationship between UL data reception and corresponding acknowledgement dynamically.

	MCS
	Modulation and coding scheme.

	MIMO precoding vector
	MIMO information

	NDI and HARQ ID
	New data indicator and the UL HARQ processing number

	Others
	Other possible information is not precluded.



Proposal1: The DCI contents shown in the above table should be considered.
Conclusion
This paper provides the principle of DL DCI formats design for NR. We have the following observation and proposals,
Observation: NR UL DCI format is designed to support flexible resource allocation  for a single user or multiple users.
Proposal1: The DCI contents shown in the following table should be considered.
	Bit field
	Note

	Resource allocation
	Indicate the resource allocation for UL transmission in time and frequency.
The RA should indicate the time and frequency resource for both the UL data channel and UL control channel.

	Receiving UE ID
	Indicate which UE the DCI is associated with. For example, the indication can be a explicit physical ID.

	UL data transmission time
	Indicate the actual time position of UL data transmission

	UE IDs scheduled in the same resource set and the associated access information
	This field is need when several UEs sharing the same resource set.

	HARQ timing
	HARQ timing is used to indicate the timing relationship between UL data reception and corresponding acknowledgement dynamically.

	MCS
	Modulation and coding scheme.

	MIMO precoding vector
	MIMO information

	NDI and HARQ ID
	New data indicator and the UL HARQ processing number

	Others
	Other possible information is not precluded.
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