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In the previous meetings, some agreements regarding to dynamic indications are achieved as captured in the appendix. In this contribution we will discuss potential DCI fields, budget of DCI payload sizes, and a configurability of DCI contents.
Discussion
Potential DCI fields and payload sizes
Potential DCI fields 
There are many agreements in the previous meetings related to the transmission parameters that are dynamically indicated. Most of the fields in the DCI of LTE are reused in 5G NR. At the same time, some new fields are added in NR. In this contribution, we only focus on the potential fields for UE-specific DCI to see the general budget for a normal DCI. We estimate potential bit width of all the already agreed fields to determine the total payload size of NR DCI, which can be used as the reference of further design. 
The fields that were already agreed for NR DCI are summarized in Table 1. Note that some of the fields are only present in DL assignment and some of them are only present in UL grant.
Table 1. Potential DCI fields for UE-specific DCI
	DCI field
	Bits
	UL/DL
	Descriptions
	Standard status

	K0
	[1-2]
	DL
	Timing between DL assignment and corresponding DL data transmission (slot level)
	Agreed


	K1
	[1-2]
	UL
	Timing between UL grant and corresponding UL data transmission
	Agreed

	K2
	[1-2]
	DL
	Timing between DL data reception and corresponding acknowledgement
	Agreed

	Frequency RA for data 
	[5-13]
	Both
	Frequency domain resource allocation for PDSCH/PUSCH 
	Agreed

	PUCCH RA
	[2-5]
	DL
	Resource allocation for PUCCH
	Agreed

	SRI
	[3]
	UL
	Indication of a SRS resource (SRI) 
	Agreed

	TRI
	[1]
	UL
	Transmit Rank indicator (TRI)
	Agreed

	TPMI
	[3] *2
	UL
	Wideband PMI W1, Subband PMI W2
	Agreed

	HARQ process
	[3-4]
	DL
	HARQ process ID
	Agreed

	MCS
	[5] *2
	Both
	Modulation and Coding scheme per codeword
	Agreed

	TPC
	[1-2]
	Both
	Power control
	Agreed

	aSRS triggering
	[1-3]
	Both
	Aperiodic SRS triggering
	Agreed

	aCSI triggering
	[1-3]
	Both
	Aperiodic CSI triggering
	Agreed

	aIMR
	[1-2]
	DL
	Aperiodic IMR
	Agreed

	aCSI-RS
	[1-2]
	DL
	Aperiodic CSI-RS
	DCI or MAC CE

	Beam indication for data channel
	[3]
	Both
	Indication of the beam(s) used for receiving data channel
	Agreed

	NDI
	1*2
	Both
	New data indicator per codeword
	

	RV
	2*2
	Both
	Redundancy Version per codeword
	

	PQI
	2
	Both
	PDSCH RE mapping and quasi-co-location indicator
	

	Total for UL grant
	[40-54]
	UL 
	
	

	Total for DL assignment
	[38-59]
	DL 
	
	



Budget of DCI payload 
According to the analysis on the budget of DCI payload, either for UL grant or DL assignment, the total size of the potential DCI fields is very large. If we only count in the already agreed fields, the total size is about 46 bits for UL grant and 51 bits for DL assignment. In addition, there are quite a few fields that are not yet agreed but are also essential, for example the starting point of data channel, the length or the end point of data channel, etc. It seems that the payload size of NR DCI format must be at least larger than the one of LTE DCI format. 
So for the next step, if we want to introduce new fields, we need to review the total number of bits. Only the fields that have to be carried by physical layer can be considered. In another aspect, we should consider to use as few bits as possible on each of the agreed fields to ensure the overhead of downlink control signaling. Two-stage DCI can be also an option to avoid large DCI payload especially for transmitted in first-step DCI at the beginning of a slot. The details of two-stage DCI can be found in section 2.2.
Based on the above discussions, we have the following observation:
Observation 1: The total size of NR DCI payload seems a bit large. We need to carefully introduce new fields and avoid using large number of bits for those already agreed fields. 
Number of DCI payload sizes
As discussed in [3], NR should strive for reducing the maximum number of blind detections. The maximum number of blind detections of a given UE depends on how many kinds of DCI sizes that the UE needs to detect and the condidates that for each size a UE need to blindly decode. The number of kinds of DCI sizes that a UE needs to detect in a time interval should be limited to ensure a reasonable number of blind detections, e.g. to keep 2 as in LTE. 
Configurability of DCI fields 
To avoid DCI formats always with large payload sizes, some of the fields in DCI can be configurable since not every field is mandatory all the time, and some of them can be optional and present only in some cases, then the problem of large DCI budget can be relaxed. The configurability of DCI contents can be achieved by the following options:
· Option 1. The presence/absence of configurable fields are configured individually be RRC
· RRC signaling can be used to inform the presence or absence of a configurable field in DCI to UE.
· For different configurable fields, they may be RRC configured individually, since the function and period of each field can be quite different.
· For this option 1, if number of the configurable fields is huge, the combination of different configurable fields will be quite complicated.
· Option 2.  Some bits in DCI are reserved for the configurable fields. 
· Some reserved bits are left in a DCI format for the configurable fields.
· For option 2, if number of the configurable fields is huge, there may need many reserved bits.
[bookmark: _GoBack]Based on the above discussions, we have the following proposal:
Proposal 1: The configurability of DCI contents should be supported in NR. 
· FFS which DCI field(s) and how to support configurability
Two-stage DCI design
According to the above discussion, the payload size of DCI is expected to be very large with current agreed DCI fields. It will cost too much resource for a single PDCCH and increase the occupied OFDM symbols of a CORESET located at the front of a slot, especially when multiple PDCCHs with large aggregation levels (e.g. 8 or 16) are coexisted. Furthermore, multiple kinds of sizes for a DCI field in NR will also increase the number of blind decodings, which will result into the increasing of decoding complexity for UEs. In order to solve the above problems, two-stage control channel can be considered as a solution. 
As mentioned in [2], at least for eMBB, a first-step DL control channel can be located at the front (e.g. the first one or a few symbols) of a slot, and it can only contain essential control information with a small payload size, e.g. resource allocation for data etc. and keeps a fixed format (i.e. the number of fields and the size of each field are not changed dynamically). Then it will keep the occupied number of OFDM symbols small and has a small number of blind decodings. Moreover, the first-step DL control channel can use the same or different CORESETs which are used for single-stage DL control channel. 
The second-step control channel can be embedded in the data region. The resources for second-step DL control channel and at least part of time-frequency resources for data can be indicated by the resource allocation field value in first-step DL control channel. The aggregation level for the second-stage DL control channel can be adjusted according the channel state of the UE operating scenario, (e.g. relatively low aggregation level will be selected when the channel of the UE does not suffer high attenuation). And, link adaptation gain can be obtained for second-stage DL control channel as well as the data channel, since the allocated resources for data channel is scheduled according to the channel state information (CSI). An example of the DL assignment of two-stage DCI according to Table 1 is given by Table 2 as following. 
Table 2. An example DL assignment of two-stage DCI for eMBB
	DL control
	Fields
	Size (Bits)

	First-step DCI
	Frequency RA for data
	[5-13]

	
	Some fields in optional part
	~10

	
	CRC
	16 

	Optional part
(FFS in first-step or second-step)

	PUCCH RA
	[2-5]

	
	MCS
	[5] * 2

	
	New data indication
	1*2

	
	Redundancy version
	2*2

	
	HARQ timing indication (e.g. K0, K2)
	[1-2]*2

	
	HARQ process 
	[3-4]

	
	PQI
	2

	
	TPC
	[1-2]

	
	Beam indication for data channel
	[3]

	
	aIMR
	[1-2]

	
	aCSI-RS
	[1-2]

	
	aSRS triggering
	[1-3]

	
	aCSI triggering
	[1-3]

	
	Others
	~10

	Second-step DCI
	Some fields in optional part
	[33-46]

	
	CRC
	16


Based on the above discussions, we have the following proposal:
Proposal 2: Two-stage DCI design can be considered in NR, at least for eMBB.
Conclusion
Based on above discussions, the following observations and proposals are given:
Observation 1: The total size of NR DCI payload seems a bit large. We need to carefully introduce new fields and avoid using large number of bits for those already agreed fields. 
Proposal 1: The configurability of DCI contents should be supported in NR. 
· FFS which DCI field(s) and how to support configurability
Proposal 2: Two-stage DCI design can be considered in NR, at least for eMBB.
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Appendix of agreements on dynamic indications in DCI
Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· 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
Agreements:
· 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
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.
· Transmit Rank indicator (TRI)
· Possible values are up to the number of SRS ports configured in the indicated SRI
· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI
· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 
· UL MCS indication
· UL HARQ related information
· UL Resource allocation
· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding
Agreements:
· NR supports aperiodic SRS triggering field in DCI.
· Supports at least one state of the field that can select at least one out of the configured SRS resources. 
· FFS: details
Agreements:
· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.
· FFS: signaling details (e.g. single DCI or separate DCI)
· FFS: method(s) for interference measurement  
· FFS: reference resource of aperiodic CSI reporting
· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X
· Note: ‘aperiodic CSI-RS timing offset X’ refers to the time gap between aperiodic CSI-RS triggering and aperiodic CSI-RS transmission w.r.t. number of slots.
· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.
· Candidate values of Y are fixed or pre-determined by certain rule(s).
· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)
· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable
· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling
Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
Agreements:
· 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)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
· FFS: Beam indication (if needed) for receiving (UE-group) common PDSCH for RRC connected UE
· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)
· MAC CE signalling
· RRC signalling
· DCI signalling
· Spec-transparent and/or implicit method
· Combination of the above

