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1 Introduction
During the RAN1 meetings, many of features are newly introduced for NR. These features can be supported with various ways including semi-static configuration using RRC/MAC CE signaling, dynamic configuration using L1 signaling, etc. Actually, most of signaling methods for each feature are still remaining as FFS. Nevertheless it is valuable to expect what kind of signaling would be potentially included in DCI contents since it may help us to determine not only potential DCI sizes but also overall NR-PDCCH structures such as resource allocation unit, resource mapping method, DMRS structure, search space design, and etc. For this purpose, this contribution discusses the potential DCI contents based on the agreements in the previous meetings [1-5]. 
2 Discussions on potential DCI contents

MIMO aspects
Followings are selected agreements in the previous meetings which are related to MIMO features and may require DCI signaling. The major changes in DCI contents compared to legacy LTE come from enhancements in UL MIMO transmission and support of multi-beam operation in NR. Subband precoding for UL requires additional signaling for corresponding subband TPMI and it should be indicated by DCI for UL grant. From the beam management perspective, the UE can request beam failure recovery mechanisms to gNB and then responses for recovery request can be transmitted via DCI from gNB. Furthermore, new DCI fields can be adopted to support additional CSI acquisition procedures and configurable PRG size and Tx schemes.
	RAN1#86 Agreements: (Tx scheme switching)
· Support dynamic switching between transmission methods/schemes, e.g. between

· Transmit diversity

· Spatial multiplexing
RAN1 NR ad-hoc#1 Agreements: (Configurable PRG size)
· For the DL, NR supports configurable PRG size for data DMRS

· FFS: Signaling for the configuration of PRG size (semi-static or dynamic)
RAN1#88bis Agreements: (SRI, TPMI, TRI)
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details
RAN1#88bis Agreements: (Subband precoding for UL)
· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 

· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 

· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission

· Other alternatives are not precluded

· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported

· FFS whether or not wideband TPMI is always signaled along with subband TPMI
RAN1#88bis Agreements: (Aperiodic IMR)
· Aperiodic IMR is triggered by DCI.

· Herein the IMR refers to ZP CSI-RS based IMR. Other types of IMR are FFS

· FFS: use of MAC CE to reduce the set of candidate IMRs among the resources configured in RRC.   

· FFS whether or not to jointly trigger aperiodic NZP CSI-RS and/or aperiodic ZP CSI-RS 

· FFS: semi-persistent IMR is activated/deactivated by MAC CE or DCI.
RAN1#88bis Agreements: (Beam failure recovery request response)

· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission


Scheduling aspects
For the purpose of forward compatibility, reserved/blank resources can be explicitly indicated to the UE. The details on signaling method are still FFS but possibly it can be supported by a combination of semi-static and dynamic signaling. 

For downlink control channel, it was agreed that group-common control channel is supported for the purpose of transmission of at least slot format indication (SFI) to the group of UEs and other group common contents remain as FFS. When there is no group-common control channel and some of the information about SFI (and/or potentially for CFI, CSI-RS setting, reserved/blank resources, etc.) needs to go in UE-specific DCIs. Due to the subband configuration of CORESET, multiplexing NR-PDCCH and PDSCH in the FDM manner would be supported in NR. Accordingly, there needs to have an indication of data starting position and it was agreed that this signal is explicitly and dynamically indicated to UEs. 

For uplink control channel, long/short PUCCH is supported and PUCCH resource indication can be a combination of semi-static configuration and dynamic signaling. For example, long PUCCH format duration can be indicated by DCI.


Lastly, two-step resource allocation (RA) is supported for DL/UL data scheduling in NR like MTC RA in LTE to reduce the signaling overhead for RB assignment since system bandwidth would be much larger than LTE. Therefore, DCI fields would be composed of two parts - bandwidth part allocation and RB allocation. Probably, there would be efforts to keep the similar number of bits for RB assignment as in LTE.
	RAN1#86bis Agreements: (Reserved resources)

· Explicit signaling to NR UEs can indicate reserved resources

· The details on signaling information and transmission are FFS 
RAN1#87 Agreements: (PUCCH resource configuration)

· 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’
RAN1 NR ad-hoc#1 Agreements: (Group common control signaling)
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
RAN1 NR ad-hoc#1 Agreements: (Data starting position)

· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signaled 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#88 Agreements: (Two-step resource allocation)
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part

· 2nd step: indication of the PRBs within the bandwidth part


HARQ procedures aspects
In NR, asynchronous HARQ procedure is basically supported. Furthermore, timing between data reception and corresponding HARQ ACK can be dynamically indicated by DCI. It would help to reduce latency.
URLLC transmission is generally prioritized over eMBB transmission. Therefore, when urgent URLLC transmission occurs, gNB can transmit URLLC during eMBB transmission by pre-empting current eMBB data. To make HARQ processing more efficiently, it is supported to transmit indication of eMBB pre-emption in NR. Necessarily, the indication should be transmitted by DCI and corresponding indication timing is still FFS.
Motivating from various reasons including URLLC transmission, CBG-based transmission is also agreed in the last meeting. Multiple CBs can be grouped a CBG and it is possible to retransmission and manage HARQ processing with the CBG unit. There are no further discussions on details of CBG-based (re)-transmission mechanisms yet. Nevertheless, we can expect that some parts of the DCI contents related to HARQ processing would increase due to multiple CBGs, e.g., multiple NDIs or something else.
	RAN1 NR ad-hoc Agreements: (HARQ timing)
· 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
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing
RAN1#88 Agreements: (eMBB pre-emption for URLLC transmission)
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding

· FFS details
RAN1#88bis Agreements: (CBG-based (re)-transmission)
· Confirm the working assumption as below.

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB


Wider bandwidth operation
During NR SI, RAN1 has studied NR bandwidth adaptation for UE power saving. To trigger UE bandwidth adaptation, explicit/implicit signaling can be considered. In order to accommodate the transition time for UE bandwidth adaptation, the timing gap between UE reception of the indication and its application should be wide enough. Or, a flexible timing can be indicated by DCI. Further studies are needed for bandwidth adaptation functionality.
	Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement


In Table 1, new features introduced in NR and potential DCI contents based on above observations are summarized.
Table 1. Potential DCI contents in NR
	Agenda items
	New features
	Potential DCI contents

	MIMO
	Multi antenna schemes
	- Subband precoding for UL

- Configurable PRG size
	- Tx scheme switching indication

- Subband TPMI
- PRG size

	
	Beam management
	- Beam recovery mechanisms 
	- Beam recovery request

	
	CSI acquisition
	- SRS based UL-MIMO precoding

- Aperiodic IMR
	- SRS resource indication

- Aperiodic IMR indication

	Scheduling
	Physical downlink

control channel
	- Group common control

- Resource sharing control and data channel
	- Depending on group common control contents (e.g., SFI,CFI, CSI-RS, SRS)
- Data starting position/duration

	
	Physical uplink control channel
	- Support long/short PUCCH formats
	- PUCCH resource configuration

	
	DL/UL data scheduling
	- Forward compatibility

- Two-step frequency domain assignment process
	- Reserved resource indication
- 1st step: indication of a bandwidth part
2nd step: indication of the PRBs within the bandwidth part

	HARQ procedure
	HARQ-ACK feedback mechanism
	- CBG-based (re)-transmission
	- FFS (multiple NDIs for CBGs)

	
	HARQ timing
	- Dynamic HARQ timing
	- HARQ timing indication

	
	eMBB/URLLC multiplexing
	- eMBB pre-emption
	- Pre-emption indication

	Others
	Wider bandwidth

operations
	- Bandwidth adaptation
	- FFS (bandwidth adaptation trigger/timing indication)


Observation 1: Many of the current LTE DCI information can be reused for NR DCI
Observation 2: Many of the additional DCI fields can be newly introduced or modified from LTE DCIs for NR.
Observation 3: In NR, the potential DCI sizes will necessarily increase compared to LTE.
Proposal 1: For NR-PDCCH design, potential DCI contents and expected sizes should be considered.
3 Conclusion

This contribution discusses potential DCI contents in NR and gives following observations and proposals.

Observation 1: Many of the current LTE DCI information can be reused for NR DCI
Observation 2: Many of the additional DCI fields can be newly introduced or modified from LTE DCIs for NR.
Observation 3: In NR, the potential DCI sizes will necessarily increase compared to LTE.
Proposal 1: For NR-PDCCH design, potential DCI contents and expected sizes should be considered.
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