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1. Introduction
Downlink control information is used to support the successful transmission of DL/UL transport channels. Various information fields are defined in LTE DCI, including DL/UL resource allocation, modulation and coding schemes (MCS), MIMO related operation, HARQ procedure, and power control, etc. For NR, new control information fields need to be introduced to support new features, such as flexible scheduling and hybrid beamforming operation etc. Considering new features combined with agreements in RAN1, we provide some discussions on DCI in NR.
2. Discussion on DCI in NR
2.1 Common DCI
Common control signalling is to address a group of, or all the UEs in the cell. Common search space (CSS) is defined in LTE PDCCH to transmit such kind of system messages. This principle could also be preserved in NR PDCCH and most of the common DCI in LTE are still needed, such as scheduling of SI, RAR and paging, and the transmission of TPC commands.
On the other hand, some new common control signalling shall be considered in NR.
	RAN1#85 Agreements:

· At least the following should be supported for NR in a frequency portion

· A time interval X which can contain one or more of the following

· DL transmission part

· Guard

· UL transmission part

· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
RAN1#87 Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design


The above agreements imply that at least the following signalling can be considered:
a. TDD configuration
· Slot type configuration within a frame
· DL-GP-UL partition of OFDM symbols in bidirectional slot
This information field closely relates to the scheduling process and UE’s transmitting/receiving operations. It shall be available to all UEs and could be configured semi-statically and/or dynamically. Dynamic configuration could support dynamic TDD deployment, which enables more flexible resource utilization and is well adaptive to fluctuating traffic for scenarios do not mandate alignment of UL/DL transmission direction. For dynamic configuration, it may require to introduce a new DCI field in either CSS or UE-specific search space for such indication. Design details are FFS.
b. The UL bandwidth that is available for grant-free UL transmission
Grant-free UL transmission is considered as a candidate approach to achieve the latency requirement of URLLC service. To keep the reliability requirement and mitigate the impact on grant-based transmission, a dedicated resource region could be scheduled for grant-free UL transmission. This information shall be available to all potential UEs. One possible way is to signal each potential UE via high layer signalling in the case of semi-static configuration. But, dynamic configuration should also be considered such that the location and bandwidth of the resource region can be dynamically adaptive to varying channel conditions and traffic volume. If dynamic configuration adopts, a possible way is to send as common DCI, which is beneficial for reducing control overhead. It is suggested to further study the advantage and disadvantage of possible approaches, and the necessity of introducing this field into DCI.
Proposal 1: Common Control signalling related to TDD configuration shall be considered in NR DCI design for dynamic TDD.
2.2 UE-specific DCI
UE-specific control signaling is used to address the DL/UL transmission of each individual UE. The content in LTE DCI could be the starting point.
2.2.1 UE-specific DCI in LTE
In LTE, UE-specific control signaling includes:
a. Carrier indicator (for carrier aggregation)
b. Resource allocation of DL scheduling and corresponding HARQ information (i.e., RV, NDI, HARQ process number)
c. Resource allocation of UL grant and corresponding HARQ information (i.e., RV, NDI)
d. Information on transmission format
· MCS
· MIMO related information, e.g., PMI, RI, DMRS settings
e. UL power control
f. Trigger functionalities, e.g., CSI request, SRS request
g. Others, including resource allocation type, codeword swap flag, frequency hopping flag, format differentiation flag, etc
Item a is used to indicator the component carrier the DCI relates to if cross-carrier scheduling is enabled. The above items from b to f should still be kept in NR with some design details for further study. For example, the MIMO related information highly depends on how the multi-antenna transmission schemes carried out in NR. The content in item g seems to be the complementary of the basic DCI content, and should be completed gradually in the specification.
	RAN1#87 Agreements:

· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.


2.2.2 Considerations on NR DCI
New features of NR might bring some additional DCI contents, discussed as follows.
a. Cross-slot scheduling related signaling
	RAN1#86b 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.

RAN1#86b Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots


According to the above agreements, this information field may represent two possible configuration types: The first type is asynchronous scheduling, which means the DCI in current slot n contains the scheduling information in slot n+k. This field is used to indicate the transmission timing k. The second type is slot aggregation, which means the DCI in current slot schedules more than one consecutive slot. This field is used to indicate the number of aggregated slots.
b. Flexible HARQ Timing related signalling
	RAN1#86 Agreements:

· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported

· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signalling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· …….
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· ……


If dynamic signaling of HARQ timing is adopted, to reach the same understanding between gNB and UE, timing relationship between DL data reception/UL data transmission and the corresponding acknowledgement can be included in the DCI for the flexible HARQ operation.
c. Service multiplexing related signalling
	RAN1#87 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


To support dynamic resource sharing between eMBB/URLLC in DL, a feasible way is to schedule URLLC on the resource that already assigned to eMBB. To avoid the severe performance degradation of eMBB, additional signaling may be necessary to let the eMBB UEs know the existence of URLLC traffic. This information is used to indicate whether the URLLC traffic occurs, if NR supports preemption of URLLC to eMBB ongoing resources. And if so, the information about induced affection, e.g., the affected CB or CB group, the location of punctured resource, etc, may be necessary. Note that, this field may or may not locate in legacy control region (i.e., one or more symbols in the start of the slot), it may occupy a dedicated resource in the slot, e.g., the last symbol of DL transmission part. The design detail is FFS.
d. Acknowledgement to UL transmission
	RAN1#86bis Agreements:
· NR supports at least UL transmission of at least single HARQ-ACK bit.

· Consider whether/how to support more than one HARQ-ACK bits per TB.


This field is required to explicitly indicate whether the uplink transmission is successfully received. It still needs further study on either preserving PHICH like functionality or transmitting in UE-specific DCI. Another consideration is multi-bit ACK/NACK per TB. The configuration of multi-bit ACK/NACK may be UE-specific and different in bit length. This could also be considered to be transmitted in UE-specific DCI.
e. Beamforming related signalling

For operation above 6GHz in NR, analog beamforming is associated with UE’s transmission. UEs use Tx/Rx beam to transmit/receive data with Rx/Tx beam of base station. Thus, the process of beam management is required and corresponding control signalling shall be considered, possibly including transmission of aperiodic CSI-RS, trigger for beam quality report, request on beam switch, indicator of beam switch, etc.
Proposal 2: For UE-specific control signaling design in NR, the DCI content in LTE could be the starting point, with following features shall be considered: a) Cross-slot scheduling; b) Flexible HARQ timing; c) Service multiplexing; d) Multi-bit ACK/NACK per TB; e) Beam-forming operation.
Table 1 summarizes above discussions on DCI in NR.
Table 1 Summary of discussions on DCI in NR
	DCI contents
	Considerations in NR

	UE-common
	Scheduling of SI, RAR and paging
	Needed

	
	Transmission of TPC command
	

	
	TDD configuration
	Slot type configuration
	FFS whether and how to transmit in DCI at least for dynamic TDD

	
	
	Symbol partition
	

	
	BW for grant-free UL transmission
	FFS whether to transmit in DCI

	UE-specific
	Carrier indicator
	Needed, if CA is configured to UE

	
	Resource allocation for DL scheduling and UL grant
	Needed

	
	RV, NDI, HARQ process number
	Needed

	
	MCS
	Needed

	
	MIMO related, including PMI, DMRS settings, etc
	May needed, depending on CRS or DMRS based operation

	
	Uplink power control
	Needed

	
	Other complementary information fields
	FFS, depending on design details

	
	Cross-slot scheduling
	Needed, if cross-slots scheduling is supported in NR. FFS on details.

	
	Flexible HARQ timing
	Needed

	
	Service multiplexing related
	May be needed, if preemption based multiplexing is adopted and severe performance degradation is observed without signaling

	
	Acknowledgement to UL transmission
	FFS

	
	Beamforming related
	Needed as least for operation above 6GHz


3. Conclusions 
In this contribution, we discuss the DCI contents for NR PDCCH and propose:
Proposal 1: Common Control signalling related to TDD configuration shall be considered in NR DCI design for dynamic TDD.
Proposal 2: For UE-specific control signaling design in NR, the DCI content in LTE could be the starting point, with following features shall be considered: a) Cross-slot scheduling; b) Flexible HARQ timing; c) Service multiplexing; d) Multi-bit ACK/NACK per TB; e) Beam-forming operation.
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