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1 Introduction

NR would support more flexible DL control signaling mechanisms compared to LTE. Such flexibility relaxes the scheduling and timing constraints present in LTE, thereby providing an easier specification path for more advanced features in later NR releases. On the other hand a greater degree of flexibility inevitably results in increased signaling overhead at both physical and higher layers. Furthermore, array architectures and above 6GHz deployments would require additional signaling for CSI/interference measurement and beam management. This contribution discusses the construction of NR DCI formats. 
2 DCI Structure
LTE DCI formats were defined based on the configured DL transmission modes, which led to an increasing number of DCI formats as new features were added.  Table 1 shows the maximum LTE TDD Rel-13 DCI format payload sizes without bit padding. Here we have assumed several features (CA, cross-scheduling, A-SRS) are enabled in order to highlight the maximum possible payload sizes for typical system bandwidths. 

Table 1 LTE TDD Rel-13 DCI payload sizes including CRC with CA, CIF, A-SRS all configured
	BW (RBs)
	0
	1
	1A
	1B
	1C
	1D
	2
	2A
	2B
	2C
	2D
	41

	25
	48
	51
	49
	52
	28
	52
	66
	62
	61
	64
	66
	60

	50
	50
	55
	51
	54
	29
	54
	70
	66
	65
	68
	70
	62

	100
	52
	63
	53
	56
	31
	56
	78
	74
	73
	76
	78
	64


Note 1: DCI Format 4 assumes 4 TX antenna ports at UE
It can be seen that for DL MIMO-specific DCI formats 2 through 2D the payload sizes only differ by a few bits. In addition, if asynchronous HARQ (addition of at least 4 bits for HARQ process number) were configured for UL MIMO the format 4 payload size would not be significantly different from DCI formats 2A and 2B. 

One proposal discussed in e.g. [1] is to simplify the DCI structure for NR by defining only a small number of reference payload sizes. This is based on the observations from LTE that most DCI formats differ by a few bits. A DCI format could contain a header field which defines the information fields contained in the DCI. Taking LTE DCI formats in Table 1 as an example, the implication is that the actual payload size is quantized to fit one of these reference sizes. 

Whilst this scheme obviates the need for padding bits to avoid ambiguity at the decoder, and also reduces specification effort, further refinement is required to actually provide meaningful power savings. In LTE the number of blind decodes depends on the transmission modes, number of aggregation levels (ALs) and number of search spaces. An LTE UE that is not configured for NB-IoT, eMTC or LAA needs to search in the UE-specific search space (UESS) for DCI formats 0/1A and for a DL transmission mode-dependent format such as 1/1B/1D/2/2A/2B/2C/2D. Furthermore, the UE also searches for DCI format 4 if UL MIMO is configured. Since there are 16 control channel candidates in the UESS, the UE performs up to 16 * 3 = 48 blind decodes. Therefore, one way to reduce the number of BDs is to define fewer payload sizes in NR. For instance, a small to moderate payload size may be introduced which can also be used for fallback signaling. A larger reference payload size may be defined for scheduling based on UE-specific RRC configuration. 

A possible concern for this scheme can be observed from Table 1. For example, up to 14 padding bits (less for asynchronous UL HARQ) are needed to size match DCI format 4 to DCI Format 2D. This should not affect control channel reliability as a UE configured in Transmission Mode 10 should anyway be able to decode the larger payload size. Another possible concern could be with regards to NR-PDCCH capacity, if a moderate DCI payload then requires more NR-CCEs because it is quantized to a large reference payload size. This is not expected to have a material impact on capacity, or equivalently blocking probability, but would need to be evaluated once a more precise estimate of NR DCI sizes is determined. 
· Proposal: Minimize the number of DCI payload sizes in NR. 

· As baseline support one moderate and one larger reference payload size to support fallback and UE-specific scheduling respectively. 
3 DCI Contents
In this section we provide a preliminary overview of DCI fields based on existing agreements. Some of these agreements are summarized here in no particular order:
· Scheduling: Timing between UL assignment and corresponding UL data transmission, or between  DL data reception and corresponding acknowledgement, or between UL reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values configured by higher layer signaling

· HARQ: asynchronous and adaptive HARQ is supported for DL and UL. 
· CBG-based indication including CBG-TI and CBG-FI.
· DAI-Total indication informs UE the total number of possible downlink assignments[2]
· DAI-counter indication informs UE the order of downlink assignments so as to determine how to send the ACK/NACK 
· PUCCH allocation: A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the long and short PUCCH formats. The PUCCH resource includes time, frequency and, when applicable, code domains.
· Data resource allocation: resource allocation for data transmission for a UE within the activated BWP can be derived based on the time domain resource allocation and frequency domain allocation 
· Time domain allocation: note that time domain field could be not included in the DCI
· Frequency domain allocation indicates the resource allocation in frequency domain
· PRB bundle size: This indicator informs the PRB bundling size for DL unicast data transmission. 
· UL MIMO: NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Transmit Rank indicator (TRI)
· Wideband and/or subband transmit PMI (TPMI).
· A-SRS: NR supports aperiodic SRS triggering field in DCI.
· QCL: For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)

· IMR: Aperiodic IMR is triggered by DCI.
Given these agreements we consider what additional fields are required in NR compared to reference LTE DL and UL DCI formats. In addition, existing fields would be enhanced to support advanced functionality, e.g. CSI request may be enhanced to support advanced CSI measurement/reporting. The exact number of bits for each information field is FFS. Table 2 describes the DL DCI contents using LTE DCI Format 2D as a reference. A corresponding description for UL DCI is given in Table 3. Completely new fields that are unique to NR in terms of functionality are shaded. 
Table 2 Possible NR DL DCI contents

	Information field
	Applicability for NR

	Carrier indicator
	Required for CA

	Resource allocation type
	Required if multiple RA types are defined in NR

	Resource allocation
	At least including frequency domain resource allocation and may include time domain resource allocation

	TPC
	Required

	HARQ Process ID
	Required

	AP/Scrambling ID/Number of Layers
	Required

	SRS request
	Required

	MCS1
	Required

	NDI1
	Required

	RV1
	Required

	MCS2
	Required for more than 4 layers

	NDI2
	Required for more than 4 layers

	RV2
	Required for more than 4 layers

	PQI
	Required

	IMR activation
	Required

	CSI-RS resource activation
	Required

	PUCCH resource allocation
	Time-freq-code allocation 

	Reuse of control resources for data
	New for NR

	CBG-based indication
	Possible field

	DL HARQ-ACK timing
	New for NR

	CBGTI
	New for NR

	CBGFI
	New for NR

	DAI-total and DAI-counter for non-CA case
	New for NR

	PRB bundling size
	FFS


Table 3 Possible NR UL DCI contents
	Information field
	Applicability for NR

	Carrier indicator
	Required for CA

	Flag 0/1A
	Not needed

	Resource allocation type
	Required if multiple RA types are defined in NR

	Resource allocation
	At least include the PUCCH format, the time domain resource allocation, the frequency domain resource allocation and, when applicable, code domain 

	Frequency hopping flag
	Needed if frequency hopping is supported

	TPC
	Required

	DMRS CS/OCC
	Depends on final RS design and UL waveform

	UL Index/DAI
	FFS

	CSI request
	Required

	SRS request
	Required

	HARQ Process ID
	Required

	MCS1
	Required

	NDI1
	Required

	RV1
	Required

	MCS2
	Not needed

	NDI2
	Not needed

	TPMI
	Required

	UL transmission timing
	Enhancement required

	CBG-TI
	Required

	SRI
	Required

	TRI
	Required


As this is only a preliminary view of DCI functionality it should be clear that without optimization NR DCI payload sizes may become unwieldy. Candidate fields for optimization include transmission timing, PDSCH/PUSCH/PUCCH resource allocation, and reuse of control resource for data. 
Proposal: Target optimization of NR DCI payload sizes. Candidate fields for optimization include transmission timing, PDSCH/PUSCH/PUCCH resource allocation and reuse of control resource for data.  
4 Conclusion
This contribution provided some preliminary assessment of the construction and contents of NR DCI formats. The following proposals are the outcome of the discussion:
· Minimize the number of DCI payload sizes in NR. 

· As baseline support one moderate and one larger reference payload size to support fallback and UE-specific scheduling respectively. 
· Target optimization of NR DCI payload sizes. Candidate fields for optimization include transmission timing, PDSCH/PUSCH/PUCCH resource allocation and reuse of control resource for data.  
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