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Introduction
This contribution discusses DCI contents and relevant DCI formats for NR. In LTE, multiple DCI formats were defined and each DCI format consists of various information fields including information for DL/UL scheduling, HARQ procedure, feedback, power control, carrier aggregation, etc. NR has some different requirements for control signaling compared to LTE and RAN1 needs to discuss what contents will be included in DCI and the types of DCI formats. The following agreements and observations made in previous RAN1 meetings should also be considered in the design of DCI.

	RAN1#86 Observations:
· At least followings are potentially identified as mean to realize the short processing delay and RAN1 will continue to study it
· Frequency-first and time-second mapping
· Code block segmentation that facilitates symbol-by-symbol processing
· Reduce symbol durations
· DL assignment and UL grant before and/or at the beginning of its scheduled data duration
· TBS restriction
· Timing advanced restriction
· Channel coding
· Front loaded RS mapping for control channel
· Grant free transmission

RAN1#86bis Agreements:
· 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)

· 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.




DCI Contents
In LTE, there are various DCI formats including DCI formats for UL or DL, for configured transmission mode, UE-common vs. UE-specific, etc. This section discusses potential information that can be included in UE-specific NR DCI for UL grant and DL assignment. Common DCI for group of UEs is discussed in our companion contribution [2]. 
For the discussion of NR DCI, LTE DCI could be the starting point. Table 1 summarizes the required DCI information fields for UL grant (DCI format 0) in LTE and considerations for NR DCI.

	DCI information field for PUSCH
	LTE
	NR considerations

	Carrier indicator
	Only when CA is enabled	
	Needed if CA is applied

	Flag for format0/1A
	To indicate one of the two formats
	Needed if DCI lengths for multiple formats are the same

	Frequency hopping flag
	To enable frequency hopping
	Needed if frequency hopping is applied

	Resource block assignment
	Type 0 for a single cluster, type 1 for two clusters
	May be needed but detailed RA types are FFS depending on UL waveform and support of multiple numerologies 

	Modulation and coding scheme and redundancy version
	5 bits are used for MCS and RV indication
	MCS is needed, RV may be separately indicated for asynchronous HARQ

	New data indicator
	To support synchronous HARQ (No HARQ process number required)
	Needed, (HARQ process number is also needed, see below)

	TPC command
	For UL power control 
	Needed

	Cyclic shift for DMRS and OCC index
	For orthogonal DMRS/OCC allocation between UEs
	Depends on DMRS structure 

	UL index
	Only for TDD UL/DL configuration 0
	Depends on TDD configuration

	Downlink assignment index
	Only for TDD
	Depends on TDD configuration

	CSI request
	For aperiodic CSI measurement
	Needed

	SRS request
	For SRS transmission
	Needed

	Resource allocation type
	For indicating RA types
	Needed if there are multiple RA types

	HARQ process number
	N.A. until Rel-13 for non-MTC UEs
	Needed for asynchronous HARQ

	Redundancy Version
	N.A. until Rel-13 for non-MTC UEs
	Needed for asynchronous HARQ

	UL data transmission timing
	N.A.
	Needed

	Number of transmission slots
	(LAA only, UL/DL configuration 0, NB-IoT)
	Needed

	DMRS pattern
	N.A.
	Needed – e.g. additional DMRS for high Doppler shifts or frequency error correction

	Others
	N.A.
	Depending on detailed NR design aspects, e.g., support of multiple numerologies, etc.


Table 1: DCI for UL grant
As shown in Table 1, many of the current LTE DCI information can be reused for NR DCI. However as given in section 1, it was agreed that asynchronous HARQ is used for UL, so that additional information should be included in DCI for UL scheduling, e.g., HARQ process number, redundancy version, etc. Furthermore, timing relationship between UL assignment and corresponding UL data transmission has to be included in the DCI for the flexible UL scheduling as agreed in last RAN1 meeting. The number of transmission slots is needed due to the agreement that data transmission can be scheduled to span multiple slots. The DMRS pattern can be dynamically indicated, for example to introduce additional DMRS when the gNB needs to correct a frequency error or when is uncertain about the Doppler shift. In addition, other information can be included in the DCI depending on the detailed NR design.

In Table 2, required information for DL assignment is summarized based on LTE DCI format 2/2A/2B/2C/2D and considerations for NR DCI is also added.


	DCI information for PDSCH
	LTE
	NR considerations

	Carrier indicator
	Only when CA is enabled	
	Needed if CA is applied

	Resource allocation header
	For indicating RA types
	Needed if there are multiple RA types

	Resource block assignment
	Type 0/1/2 are defined
	Needed but detailed RA types are FFS considering NR aspects, e.g., RB sizes, various numerologies, etc.

	TPC command for PUCCH
	For PUCCH power control
	Needed

	Downlink Assignment Index
	Only for TDD
	Depend on TDD configuration

	HARQ process number
	3 bits
	Needed but number of bits depends on the max HARQ processes (could be smaller than 3)

	Transport block to codeword swap flag
	1 bit
	FFS

	Modulation and coding scheme
	MCS level
	Needed

	New data indicator
	For HARQ
	Needed

	Redundancy version
	For HARQ
	Needed

	Precoding information
	For CRS based MIMO operation
	Not needed, no CRS in NR

	Antenna ports, scrambling identity and number of layers
	For DMRS based MIMO operation
	Needed

	SRS request
	For SRS transmission
	Needed

	PDSCH RE mapping and PQI
	For QCL
	Needed

	HARQ-ACK resource offset
	For EPDCCH
	FFS

	HARQ timing
	N.A.
	Needed 

	UL control channel resource
	TPC can serve as ARI
	Needed when implicit resource determination is not applicable

	DL data transmission timing
	N.A.
	Needed if dynamic cross-slot scheduling is supported

	Number of transmission slots
	N.A.
	Needed

	DMRS pattern
	N.A.
	Needed – e.g. additional DMRS for high Doppler shifts or frequency error correction

	Others
	N.A.
	Depending on detailed NR design


Table 1: DCI for DL assignment
Also for DL assignment, many of the current LTE DCI information fields can be reused for NR DCI. However by the difference between LTE and NR, some of the information in LTE DCI fields would not be required for NR DCI such as precoding information. In addition, timing relationship between DL assignment and corresponding HARQ acknowledgement has to be included in the DCI for the flexible HARQ operation as agreed in last RAN1 meeting. The number of transmission slots is needed due to the agreement that data transmission can be scheduled to span multiple slots. UL control channel resource is also likely needed as multi-bit HARQ-ACK feedback has been agreed to be supported and transmission structures similar to LTE PUCCH Format 3/4/5 will be needed. Timing for DL data transmission is also needed for dynamic cross-slot scheduling. The DMRS pattern can be dynamically indicated, for example to introduce additional DMRS when the gNB needs to correct a frequency error or when is uncertain about the Doppler shift.

Observation: Many of the current LTE DCI information can be reused for NR DCI
Proposal 1: At least the following information are considered for inclusion in NR DCI formats
· DCI for UL grant: HARQ process number, RV, UL data transmission timing, additional DMRS
· DCI for DL assignment: DL HARQ timing and UL control channel resource, DL data transmission timing, additional DMRS

DCI Formats
LTE supports multiple DCI formats: DCI format 0/4 for UL grant, DCI format 1/1A/1B/1C/1D/2/2A/2B/2C/2D for DL assignment, DCI format 3/3A for UL power control, DCI format 5 for sidelink, and DCI format 6 families for BL/CE UEs. The number of DCI formats reflects different applications but also reflects different functionalities that were gradually introduced through different LTE releases. It is noted that for eMBB service, most above formats will no longer be applicable while for mMTC service or URLLC service or sidelink, a UE is not expected to monitor more than one or two DCI formats. 

Considering DCIs for DL assignments where the largest proliferation of DCI formats exists in LTE, different DCI formats are configured depending on the configured transmission mode and at a given time, a UE monitors two UE-specific DCI formats (format 1A and one other DCI format) for ‘normal’ transmission scheme and for fall back transmission scheme. DCI payloads are implicitly configured according to a configured transmission mode. However, this implicit association does not seem to be necessary. Indeed, necessary fields have been added to an existing DCI format rather than creating a new DCI format. For example, a carrier indication field (CIF) was added to an existing DCI format when the UE is configured with cross carrier scheduling for carrier aggregation in LTE. A similar approach can be applied for all other features. Hence, it does not seem to be necessary to make an implicit relation between a transmission mode with a DCI format; instead, it is possible to configure a transmission mode UE-specifically and further configure additional necessary features, e.g., number of supported layers, TxD-vs-SM, and so on. Considering fall back transmission, at least two DCI formats may be configured for a UE at a given time. By using this approach, a gNB can flexibly configure two DCI formats for dynamic switching and the specification only needs to describe a single TM with the flexibly configured features. The DCI payloads in a UE-specific search space will be UE-specifically determined according to the configured features and no padding bits are necessary in principle. This framework also naturally provides forward compatibility, in that any new features that will be introduced will be supported with just changing or inserting new fields in a DCI format. Although different UEs can monitor DCI formats with different sizes, this is as in LTE and what DCI formats are monitored by other UEs is irrelevant to a specific UE. 

Proposal 2: Number of NR DCI formats should be minimized. For eMBB, consider at most 2 DL DCI formats and at most 2 UL DCI formats as baseline. 

Conclusions
This contribution discusses the design aspects for NR DCI contents and gives followings observations and proposals.

Observation: Many of the current LTE DCI information can be reused for NR DCI
Proposal 1: At least the following information fields are considered for inclusion in NR DCI formats
· DCI for UL grant: HARQ process number, RV, UL data transmission timing, additional DMRS
· DCI for DL assignment: DL HARQ timing and UL control channel resource, DL data transmission timing, additional DMRS
Proposal 2: Number of NR DCI formats should be minimized. For eMBB, consider at most 2 DL DCI formats and at most 2 UL DCI formats as baseline. 
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