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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. Preliminary discussion on DCI contents have been presented in our contribution [1], and some of the points were agreed in last Ad Hoc meeting. In this contribution, we provide a further discussion on some more aspects.
2. Discussion on DCI in NR
2.1 Common DCI
Note that, common DCI we discussed in this subsection may not be necessarily cell common. It could be used to address a group of UEs in serving cell. Besides the information already existed in LTE, some new common DCI, at least following discussed, shall be considered in NR PDCCH design. Note that, the information field TDD configuration [1], has already been agreed in last Ad Hoc meeting. How to indicate such information needs further study.
a. Bandwidth that is available for grant-free UL transmission
	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
RAN1 Ad Hoc Meeting Agreements:

· For an UL transmission scheme without grant

· at least semi-static resource (re-)configuration is supported

· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS


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. Semi-static configuration of the resource has been agreed in last Ad Hoc meeting. But, dynamic configuration could still 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 is supported, a possible way is to pre-configure a set of resource and dynamically indicate which resource in the set is used for grant-free transmission. It is suggested to further study the necessity of introducing this field into DCI.
b. Control resource set duration

	RAN1 Ad Hoc Meeting Agreements:

· FFS: ‘Control resource set duration’

· FFS: Indicates the duration of the control resource set(s) 

· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.


Dynamic configuration of control region duration is beneficial for efficient resource utilization and variable PDCCH capacity. It is preferable to explicitly indicate the duration in order to reduce the blind decoding attempts. It is still under discussion is there a need for a PCFICH like channel in NR. If a PCFICH like channel is excluded, a possible way is to signal this information as common DCI. However, putting this information in common DCI may bring extra restriction on resource mapping of common control search space, just like PCFICH in LTE is always mapped to the first symbol in a subframe. Another consideration is the reliability of transmitting such information in PDCCH. Further study is required on whether and how to indicate such information.
Proposal 1: Further study is required on whether and how to convey following information fields in common DCI: 1) Bandwidth that is available for UL grant-free transmission; 2) Control resource set duration.
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, aperiodic CSI-RS transmission
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. It needs to be noted that, a new field to trigger aperiodic CSI-RS transmission, should be contained in item f based on the following agreements.
	RAN1 Ad Hoc Meeting Agreements:

· For aperiodic CSI-RS

· Periodic [and semi-persistent] CSI reporting is not supported

· Aperiodic CSI reporting is triggered by DCI

· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE


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
RAN1 Ad Hoc Meeting Agreements:

· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer


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 configuration type has been agreed in last Ad Hoc meeting and a field in UE-specific DCI 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. It still needs further study on how to support this configuration.
b. Flexible HARQ Timing related signalling
	RAN1 Ad Hoc Meeting Agreements:
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer


Dynamic indication of the timing relationship between DL data reception and the corresponding acknowledgement has been agreed in last Ad Hoc meeting. Thus, at least an information field indicating DL HARQ timing should be included in UE-specific DCI. Whether to support dynamic indication of the timing between UL data transmission and the corresponding acknowledge needs further study.
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
RAN1 Ad Hoc Meeting Agreements:

· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)

· FFS: Details of  the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit


To support efficient service multiplexing between URLLC and eMBB, it is essential to inform eMBB UE the information of impacted resource region when severe performance degradation is observed. It has been agreed that such an indication is supported. Note that, the indication may or may not locate in legacy control region. 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 trigger for beam quality report, request on beam switch, indicator of beam switch, timing between aperiodic CSI-RS trigger and aperiodic CSI reporting, etc. 
f. Starting position of DL data

	RAN1 Ad Hoc Meeting Agreements:

· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE
· FFS: signalled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data
RAN1 Ad Hoc Meeting Agreements:
· Take into account following targets/use-cases to design mini-slots: 

· Support of very low latency including URLLC for certain slot lengths 

· Target slot lengths are at least 1ms, 0.5ms, [0.25ms]. 

· Support of finer TDM granularity of scheduling for the same/different UEs within a slot 

· Especially if TRxP uses beam-sweeping (e.g., above 6GHz). 

· NR-LTE co-existence 

· Note that this use case also exists for slot-based scheduling 

· Forward compatibility towards unlicensed spectrum operation 

· FFS until phase II 


In LTE, PDSCH region starts just following the PDCCH region. However, this feature may not always hold in NR. For example, with the introduction of mini-slot, it is possible to schedule a mini-slot-level data transmission within the slot via PDCCH. Thus, it is essential to inform the UE on which symbol the DL transmission starts. This information could be conveyed by UE-specific DCI. But, group common DCI may also be possible when multiple UEs are scheduled at the same starting position for the sake of reducing the overhead of duplication in each UE-specific DCI.

g. SRS configuration

	RAN1 Ad Hoc Meeting Agreements:
· NR SRS design should not assume a particular antenna configuration at UE and should support dynamic port/antenna/resource selection by gNB and UE

· In the case of UE selection, it can be disabled/enabled by gNB (if the UE selection is not transparent). FFS whether or not the selection is transparent

· E.g., UE with 4 ports can be configured with 2 ports SRS by gNB

· E.g., UE sends 2 ports SRS even though configured with 4 ports SRS by gNB


According to the above agreements, dynamic configuration and resource scheduling of SRS transmission is supported on both gNB and UE side. It is beneficial for flexible SRS capacity distribution and coordination with UE’s data/control transmission. On gNB side, a possible way is to pre-configure a set of configurations and resources by high layer signalling and dynamically indicate the configuration index and resource index in UE-specific DCI. This may lead to a relative loss on flexibility but could reduce the control overhead. The design details are FFS.
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; f) Starting position of DL data; g) SRS configuration.
Table 1 summarizes the discussions on DCI in [1] and this contribution.
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
	Needed, design details is FFS

	
	
	Symbol partition
	

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

	
	Control resource set duration
	FFS whether and how to indicate this information

	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

	
	Trigger functionalities
	Needed, contents are FFS

	
	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
	Needed, if preemption based multiplexing is adopted and severe performance degradation is observed without signalling

	
	Acknowledgement to UL transmission
	FFS

	
	Beamforming related
	Needed as least for operation above 6GHz

	
	Starting position of DL data
	May be needed, if mini-slot is supported to be scheduled within the slot.

	
	SRS configuration
	Needed, design details is FFS


3. Conclusions 
In this contribution, we discuss the DCI contents for NR PDCCH and propose:
Proposal 1: Further study is required on whether and how to convey following information fields in common DCI: 1) Bandwidth that is available for UL grant-free transmission; 2) Control resource set duration.
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; f) Starting position of DL data; g) SRS configuration.
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