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1. Introduction
In this contribution, we discuss about DCI formats, particularly, how to align DCI sizes when multiple features such as multi-slot scheduling, dynamic switching of active bandwidth part, dynamic transmission mode changes are adopted. Furthermore, we discuss about fallback DCI or DCI format which can be scheduled in common search space. 
2. Discussion 
For a convenience, let’s define the following DCI format where some DCI formats may be shared. 
· DCI F0: DCI format used for scheduling RMSI
· DCI F1: DCI format used for scheduling RAR
· DCI F2: DCI format used for scheduling Msg 4
· DCI F3: DCI format used for scheduling PDSCH containing RRC connection & configuration message
· DCI F4: DCI format used for scheduling UE-specific PDSCH with transmission scheme and various features which is scheduled in USS
· DCI F5: DCI format used for scheduling UE-specific PUSCH with transmission scheme and various features which is scheduled in USS
· DCI F6: DCI format used for scheduling UE-specific PDSCH which is scheduled in CSS and/or fallback DCI
· DCI F7: DCI format used for scheduling UE-specific PUSCH which is scheduled in CSS and/or fallback DCI
· DCI F8: DCI format used for group common DCI such as TPC commands

In NR with many features involving dynamic indication via DCI, it is necessary to allow configurability of a certain set of fields depending on the used features. In handling of various RRC reconfigurations with various features, it is important to maintain ‘constant’ DCI format which is used for fallback DCI such as DCI F6 and F7 in the above. In that sense, the following shows our view on the assumptions of different features for broadcast data by CSS, UE-specific data scheduling by USS, and UE-specific scheduling by fallback DCI. 
	
	Broadcast channel (RMSI, RAR, Paging)
	UE-specific data by USS
	Fallback DCI

	CBG-based retransmission
	Not supported
	UE-specifically enabled with the number of CBGs configured
	Not supported

	Flushing indication (CBGFI)
	Not supported
	Configurable to be present
	Not supported

	Dynamic vs. semi-static time-domain resource (starting/duration) information 
	Single slot is assumed with only a few choices of starting/duration combinations 
	Single slot, cross-slot, or multi-slots can be enabled to dynamically indicate by DCI. 
	Semi-statically fixed timing is assumed.

	Dynamic rate matching indicator (e.g., control-data resource sharing)
	TDM between control and data is assumed (thus not supported)
	Can be enabled by higher layer signalling (e.g., configuration of set of rate matching patterns indictable by DCI)
	TDM between control and data is assumed (thus not supported)

	Subband PMI
	Not supported
	Fixed size for UL grant if enabled
	Not supported

	QCL information related to data reception (control-data different beam support)
	Assume that control and data use the same beam
	Can be enabled by higher layer to dynamically indicate QCL information for data reception/transmission
	Assume that control and data use the same beam for DL. Assume corresponding beam to the beam used for control transmission is used for PUSCH

	Bandwidth and BWP assumed for frequency resource allocation
	Bandwidth of default BWP and default BWP
	UE-specifically activated DL/UL BWP is used respectively for PDSCH and PUSCH
	Depends on fallback mechanism of active BWP switching. 

	RBG information
	Predefined
	RBG size can be configured per each BWP to align between narrowband and wideband UEs, RBG sizes can be also dynamically changed via DCI
	Predefined, or configured before or during RRC connection procedure



(1) CBG-based retransmission: DCI scheduling broadcast or fallback DCI, it is assumed that CBG-based retransmission is not used. If CBG-based retransmission is used, the number of CBG is configured by cell-specific signaling such as RMSI. 
(2) Indication of data starting and duration (dynamic scheduling timing and duration): 
A. For broadcast channel where beam sweeping is expected, the followings can be choices if FDM between SS block and data is supported. When multi-beam is not used, ‘00’ may be used as a default value.
· 00: starting: OFDM symbol after CORESET, ending: end of DwPTS, 
· 10: same as 1st SS block in the slot, 
· 11: same as 2nd SS block in the slot, 
· 11: starting: DM-RS symbol position of the next slot, ending: end of DwPTS of the next slot)
B. For unicast scheduling via USS, DCI field can support single/same-slot, single/cross-slot, multi-slot/same-slot, multi-slot/cross-slot only one at a time by higher layer configuration or dynamic switching among those may be supported as well. Regardless of which option, it is necessary that a UE is configured with the maximum number of slots which can be referred from DCI. For example, maximum number of slots schedulable for multi-slot aggregation or maximum number of slot used for cross-slot scheduling gap. 
C. For fallback DCI, for a simplicity, single slot and same slot scheduling can be assumed to be used for PDSCH, and single slot and cross-slot with fixed gap can be used for PUSCH.
(3) Bandwidth part assumption for each scheduling DCI
A. It is natural to assume that default BWP is used for broadcast scheduling where default BWP may be reconfigured if it is different from bandwidth part covering bandwidth for RMSI scheduling. In terms of default UL BWP, the frequency and bandwidth needs to be indicated by RMSI. One example is to define frequency region around PRACH configuration within UE minimum TX bandwidth as the default BWP for UL. Default BWP will be used for Msg 3 scheduling and other uplink scheduling until a UE is reconfigured with UE-specific active UL BWP. 
B. Also, it is natural to assume that UE-specifically activated BWP is used for unicast scheduling. 
C. In terms of BWP for fallback DCI, it depends on fallback mechanism of active BWP switching and (re) configuration of BWPs. In case, the network ensures fallback by transmitting duplicate DCI and data to both BWPs (old and new active BWP), fallback DCI also assumes UE-specifically active BWP at least for DL. However for UL, it becomes challenging. Thus, it may be necessary to define ‘fallback BWP’ at least for UL which can be used for fallback DCI scheduling. Fallback BWP can be same as default BWP. It is also desirable to use default BWP for fallback DCI even for DL to minimize RRC ambiguity and handling of BWP switching failures. 

With similar functionalities between DCI scheduling cell-broadcast data and fallback DCI, and some observations in the above, we propose the followings. 
Proposal 1: Define at least one DCI size X which can be used to schedule broadcast channels such as RMSI, paging, OSI, etc. 
Proposal 2: Fallback DCI uses the same DCI size X. 
Proposal 3: A UE is semi-statically configured with a set of DCI fields (or features to be indicated dynamically), which defines necessary DCI format(s). 
Proposal 3: Strive to minimize the number of DCI sizes that a UE needs to monitor at a time. 
· DCI sizes between DCIs of TB based scheduling and CBG based scheduling are the same: DCI format can be different between two to minimize the overhead. 
· Strive to keep the same DCI size between downlink scheduling DCI and UL grant DCI as long as the padding is not significant. If padding overhead is significant, consider separating search space between two DCIs. 

3. Conclusion
In this contribution, we discussed possible DCI fields for different types of scheduling or DCI formats, and proposed the followings. 
Proposal 1: Define at least one DCI size X which can be used to schedule broadcast channels such as RMSI, paging, OSI, etc. 
Proposal 2: Fallback DCI uses the same DCI size X. 
Proposal 3: A UE is semi-statically configured with a set of DCI fields (or features to be indicated dynamically), which defines necessary DCI format(s). 
Proposal 3: Strive to minimize the number of DCI sizes that a UE needs to monitor at a time. 
· DCI sizes between DCIs of TB based scheduling and CBG based scheduling are the same: DCI format can be different between two to minimize the overhead. 
· Strive to keep the same DCI size between downlink scheduling DCI and UL grant DCI as long as the padding is not significant. If padding overhead is significant, consider separating search space between two DCIs. 
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