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1. Introduction
In RAN1#86bis meeting, the following agreements regarding NR scheduling were achieved:
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.

· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE
· FFS: URLLC case
· NR supports operation of one DL HARQ process for some UEs
· NR supports operation of one UL HARQ process for some UEs
· FFS: Conditions on supporting above 2 bullets
· Note: This does not mean the gNB has to schedule back-to-back
· Note: This does not mean the UE has to support K1=0 and/or K2 = 0
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between UL assignment and corresponding UL data transmission

· FFS: common channels (e.g. random access)

· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

Furthermore, some progress was achieved at the RAN1 #86bis meeting in defining basic building blocks of the NR physical DL control channel. Some aspects of the DL control channel are discussed in a companion contribution [1]. In this contribution we focus on design principles for DL and UL DCI formats.
2. DL DCI format design considerations 
As analyzed in [1], the LTE DL control channel design did not efficiently support new additional features from LTE Rel-10 onwards. For instance, since many DCI formats only differ by a few bits, specification and implementation complexity could be reduced by targeting for a few common payload sizes. Secondly, the benefits of monitoring different DCI payload sizes did not necessarily justify the high decoding complexity and power consumption. Finally, the LTE design necessitated introduction of a new DCI format for each transmission mode, which may not be ideal when forward compatibility is considered. Therefore, NR DL DCI formats should target a reduction  in the number of blind decodes compared to LTE to simplify the control channel decoding process, prolong UE battery life, and more efficiently manage the control channel capacity. 
Proposal 1: NR DCI format design should target a reduction in the number of blind decodes compared to LTE and a more efficient management of the control channel capacity.
The DCI design in NR system should efficiently support DL and UL resource assignments for different types of services either for a single UE or shared by multiple UEs. Rather than specify a DCI format for each newly introduced transmission mode, one may consider a variable length DCI format. The DCI format could consist of two basic parts, a common part and an extension part.  The basic part consists of information fields that are common regardless of the transmission mode such as resource allocation, NDI and MCS field. The extension part would contain additional control information that is specific for different transmission modes and/or for supporting different services. If the same search space is configured for multiple UEs, it may be beneficial to indicate in the DCI format, which UE or group of UEs is targeted by this DCI. 

Explicit indication of transmission type/mode in the DCI, such as MBMS, group communication, or sidelink, would reduce the DCI decoding complexity. In the case of multiple UEs sharing the same set of resources, e.g. DL MU-MIMO and DL non-orthogonal access, efficient management of control channel resources could be achieved by an explicit indication of all scheduled UE IDs in the DCI format. Based on the RAN1#86bis agreement that the timing relationship between DL data reception and the corresponding acknowledgement can be indicated to a UE dynamically by L1 signaling [2], the resource and the transmission time for UL ACK/NACK could also be included in the DL DCI format.
The potential contents of the NR DL DCI format are summarized in Table 1.
Table1: NR DL DCI contents
	Information field
	Remarks

	Resource allocation
	Indicates the resource allocation for data transmission in time and frequency.

	Recipient UE ID
	Indicates the recipient UE(s) for this DCI. For example, the indication can be an explicit physical ID.

	DL data transmission duration
	The time duration of the DL assignment. .

	Type of transmission
	Examples include MBMS, group communication, and sidelink.

	UE IDs scheduled in the same resource set and the associated access information
	Required when two or more UEs are scheduled in the same time-frequency resources. 

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

	MCS
	Modulation and coding scheme.

	MIMO precoding vector
	MIMO information

	NDI
	New data indicator

	Others
	Other possible information is not precluded.


Proposal 2: DL DCI contents shown in Table 1 should be considered for NR.
3. UL DCI format considerations
As discussed in [1], the DL control region for UL grants is located at the beginning of the DL region. A UE can decode all of the DL control channels carrying UL grants. The UL DCI format would include explicit user identification for the UE to ascertain if it is the target recipient. 
In addition to the analysis in section 2, some additional issues need to be considered for UL transmission. For example, asynchronous HARQ could be the default HARQ operation for NR UL transmission as was used for the UL transmission in the LTE latency reduction feature.  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 indicate the UL transmission region in the slot. 
As discussed above, the potential content of the UL DCI formats for NR system is summarized in Table 2.
Table2: NR UL DCI content
	Bit field
	Remarks

	Resource allocation
	Indicates the resource allocation for UL transmission in time and frequency.

	Receiving UE ID
	Indicate the recipient UE(s) for this DCI. 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
	Required when two or more UEs are scheduled I the same time-frequency resources.

	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.


Proposal 3: The UL DCI contents in Table2 should be considered for NR.
4. Number of DCI formats
In the LTE system, the number of blind decodes is determined by the number of search space candidates (both common and UE-specific search spaces), the number of aggregation levels (equivalently, link adaptation formats) and the number of transmission mode specific formats. For example, a UE, configured for both DL and UL SU-MIMO, needs to decode DCI formats 0/1A, 4 and e.g. 2A in the UE-specific search space. In addition the UE monitors for DCI formats 0/1A/3/3A and 1C in the common search space. As described in the previous section, a single DCI format containing transmission mode or service obviates the need for monitoring so many candidates. This approach, at least to some extent, ensures forward compatibility.
Proposal 4: One DCI format may be sufficient for scheduling assignments in a given transmission direction.
Conclusion
This contribution proposes some design principles for DCI formats in the NR system. We have the following proposals,
Proposal 1: NR DCI format design should target a reduction in the number of blind decodes compared to LTE and a more efficient management of the control channel capacity.
Proposal 2: DL DCI contents shown in Table 1 should be considered for NR.
Proposal 3: The UL DCI contents in Table2 should be considered for NR.
Proposal 4: One DCI format may be sufficient for scheduling assignments in a given transmission direction.
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