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1 Introduction

In RAN1 Ad hoc #3 meeting, the following agreements were achieved:

Agreements:
· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.
· FFS: for other purposes.
· One DCI size depending on configuration
· FFS: whether both DL and UL have the same size or different.
· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion
Additionally, the following agreement was obtained in the last meeting:

Agreements:

· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them
· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space
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. One email discussion on DCI content was kicked off subsequent to RAN1#90bis meeting which come up with the tentative DCI content for both UL and DL grant. This contribution discusses the construction of NR DCI formats taking into account the agreement and summary above. 
2 DCI Structure
As agreed at the RAN1 NR AH#3 meeting, at least two DCI sizes are defined, of which one is at least for the purpose of fallback, while the other size is based on UE-specific configuration. In LTE system, the fallback DCI format for UL/DL transmission, i.e. DCI format0/1A, has same payload size. Consequently, 1 bit differentiation indication is necessary in order to distinguish the exact DCI format. Considering one DCI size is introduced for fallback purpose it should be possible to support a fallback mechanism for both DL and UL transmission given that NR supports many features in both transmission directions. To align with the agreement, padding can be applied if the required number of bits is less than the fixed fallback DCI format size. Furthermore, a 1-bit header is added to distinguish UL/DL fallback DCI formats.
For the configuration-based DCI size, it could be configured by RRC signaling and should support both UL and DL scheduling. Different DCI formats with different bit lengths could be padded to the same size as long as the padding is not excessive. There are different ways to distinguish between DCI formats:
· Option1: a header field is introduced to indicate the DCI format.
· Option2: a 1 bit header field is introduced to indicate either DL DCI format or UL DCI format.

For option1, N bits are really necessary for the header field when many different DCI formats are available. Take the DCI formats defined in LTE as an example, at least 10 DCI formats are supported for UE-specific scheduling, i.e. DCI format 1/1B/1C/1D/2/2A/2B/2C/2D/4(for an LTE UE that is not configured for NB-IoT, eMTC or LAA). In this case, the header field should contain at least 4 bits so as to indicate what the exact DCI format is. In contrast to LTE, there is only one transmission scheme in NR which means the DCI format will not be as diverse as LTE.[1] Additionally, the following agreement was achieved corresponding to the DCI content configuration.  
Agreements:
· NR supports higher layer signalling for the maximum number of MCS/RV/NDI in DCI for PDSCH

· FFS HARQ ID 

· Unless indicated otherwise, UE assumes single MCS/RV/NDI in DCI, i.e. up to four MIMO layers
Actually a header field with more than a single bit header is not necessary as the exact DCI content is configured via RRC. As mentioned in the 90bis-NR-25 email discussion summary, another argument for introducing more than one bit DCI header is to distinguish different DCI formats for different purpose, e.g., allowing the same DCI size to be interpreted for three different purposes such as DL, UL and group-common DCI commands. Actually, the DL/UL DCI and group-common DCI have totally different functionality and should be differentiated via RNTI.

Option 2 only uses a 1-bit header to indicate whether the monitoring DCI format is used for UL or DL scheduling. In this case, the configuration-based DCI size is configured by RRC signaling. Additionally, the bit fields in the DCI format should also be configured by RRC. Alternatively, the gNB could configure which bit fields are contained in the DCI, e.g. one bit field could be contained or not depending on the configuration. As the UE only needs to distinguish UL/DL DCI formats, the DCI size is smaller compared to Option 1. 
One disadvantage of option 2 is that a fixed DCI format size implies that quite a bit of padding may be required depending on the gap between the largest and smallest DCI payload based on RRC configuration of the transmission scheme. It depends on how many bit fields will be put into DL and UL DCI respectively. However, it is conceivable that only 3 padding bits are necessary for UL DCI in order to achieve the alignment with DL DCI from the tentative DCI content described in the email discussion summary.  
· Proposal: A 1-bit header could be introduced in the DCI in order to differentiate whether the DCI is used for UL scheduling or DL scheduling. 
· A fallback DCI format can be configured for both DL and UL scheduling 
· For configuration-based DCI size, the DCI format or the bit fields contained in one DCI could be configured via RRC signaling.
3 DCI Contents
A series of bit field sets for different DCI has been summarized in email discussion 90bis-NR-25, e.g. content for DL DCI, UL DCI and group-common DCI respectively. The DCI bit fields listed in the summary table is a good starting point. Furthermore, some additional bit fields are still necessary in order to guarantee the scheduling flexibility and functionality. We give some complementary bit fields on top of the tables presented in the summary.
· 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.
· A-CSI triggering indication: Trigger the aperiodic CSI report.[2]
· Rate matching indication for DMRS: indicate which antenna ports are occupied by the other UEs when MU-MIMO is applied.[3]
· PUSCH hopping distance: As the different BWP associated with different UE can overlaps with each other, collision between different PUSCH occurs if the hopping distance is fixed or configured semi-statically. The DCI indicated PUSCH hopping distance is useful to avoid such collisions.[4]
Table1: Complementary bit fields of DL grant on the top of email discussion summary
	PUCCH allocation
	Format-time-frequency-code allocation
	FFS

	A-CSI triggering indication
	Trigger the aperiodic CSI report
	1bit

	Rate matching indication for DMRS
	indicate which antenna ports are occupied by the other UEs when MU-MIMO is applied
	2bits


Table2: Complementary bit fields of UL grant on the top of email discussion summary

	PUSCH hopping pattern
	Indicate the hopping distance of PUSCH
	FFS


· Proposal: The above complementary bit fields for scheduling DL and UL grant respectively should be considered. 
Another issue is whether to introduce padding bits for group-common DCI, i.e. PI, SFI, TPC etc., so as to align with the fallback DCI payload size. One motivation of this alignment is a DCI header could be used to differentiate these different DCI formats and the blind decoding could be reduced. However, one inevitable disadvantage is that huge padding bits are mandatory in each DCI carrying the above command. As the example shown in the summary, as many as 26 padding bits are necessary. Consequently, the spectrum efficiency is cut down and the reliability of common PDCCH is weakened if the maximum aggregation level is constant. On the other hand, the scheduling DCI and command DCI has totally different functionality, we don’t see the strong motivation to force them to have the same payload size. A much more natural method is to introduce a separate payload size for the DCI format(s) carrying the command such as PI/SFI/TPC. Different RNTI associated with different command could be used to distinguish these DCI formats. Another thing we should keep in mind is the periodicity of the two types of DCI format are usually very different and they can be transmitted in different search spaces. From this perspective, blind decoding increase may be not an issue since as they are monitored differently.
· Proposal: An identical payload size which is different from that of default DCI payload size could be considered for the DCI formats carrying different commands, i.e. SFI, PI, TPC. RNTI could be used to distinguish these DCI formats.
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:
· A 1-bit header could be introduced in the DCI in order to differentiate whether the DCI is used for UL scheduling or DL scheduling. 
· A fallback DCI format can be configured for both DL and UL scheduling 
· For configuration-based DCI size, the DCI format or the bit fields contained in one DCI could be configured via RRC signaling.
· The above complementary bit field for scheduling DL and UL grant respectively should be considered.
· Proposal: An identical payload size which is different from that of default DCI payload size could be considered for the DCI formats carrying different commands, i.e. SFI, PI, TPC. RNTI could be used to distinguish these DCI formats.
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