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1	Introduction
As the PDCCH design moves forward in NR, it becomes relevant to look into the detailed DCI content and the possible formats. In this contribution, we focus on the possible content of UE-specific DCIs, the configurability of DCI fields, and the potential fallback operation.

2	DCI Contents in DL Assignment and UL grant
Table 1 summarizes our views on the possible DCI fields for DL assignment, including both the existing fields in LTE and the newly discussed fields in NR. There may be additional fields introduced by MIMO operation, which is not discussed in detail here. 
Table 1 Possible DCI fields in DL assignment at least for slot-based scheduling
	Field
	Supported in LTE?
	Supported in NR?
	Always present in NR DCI?

	Carrier Indicator Field (CIF)
	Yes
	Yes
	No.
Only present when cross-carrier scheduling in CA is configured

	Resource assignment
	Yes 
	Yes
	Yes

	TPC command for PUCCH
	Yes
	Yes
	Yes

	Downlink assignment index (DAI)
	Yes
	Yes
	 No. C-DAI and T-DAI are envisioned for dynamic A/N codebook size determination.

	HARQ process number
	Yes
	Yes. The max # of HARQ processes can be e.g. 16 with a 4-bit indicator.
	Yes

	SRS request
	Yes
	Yes
	Yes

	Per transport block/CW
	MCS
	Yes
	Yes.
The DCI also needs to support multi-slot scheduling.
	Yes

	
	NDI
	
	
	

	
	RV
	
	
	

	Antenna port(s)
	Yes
	Yes
	Yes

	Number of layers
	Yes
	Yes
	Yes

	QCL indication
	Yes
	Yes
	Yes

	HARQ-ACK resource indication (ARI)
	Yes, introduced later for EPDCCH (AR offset) and CA (AR indication)
	Yes
	Yes.
We prefer PUCCH resource is always explicitly indicated.

	Timing offset between PDSCH and DL assignment (cross-slot scheduling) 
	No
	Yes.
(DL scheduling delay, in unit of slot/symbol)
	No.
Semi-static configuration should also be supported.

	HARQ-ACK timing
	No
	Yes
	No.
Semi-static configuration should also be supported, especially for FDD.

	PDSCH transmission starting symbol and length 
	No
	Yes.
(in unit of slot/symbol)
	No.
Semi-static configuration is also supported.

	CBG-based transmission
	No
	Yes. Details FFS
	No.

	BW part indicator
	No
	Yes, Details FFS
	No, if single BWP on carrier, it is not needed

	CRC/RNTI
	Yes
	Yes, 24bits, detail discussed in Coding Agenda
	Yes



Table 2 summarizes our views on the possible DCI fields in UL grant, including both the existing fields in LTE and the newly discussed fields in NR. 
Table 2 Possible DCI fields in UL grant at least for slot-based scheduling
	Field
	Supported in LTE?
	Supported in NR?
	Always present in NR DCI?

	Carrier Indicator Field (CIF)
	Yes
	Yes
	No.
Only present when cross-carrier scheduling in CA is configured

	Frequency hopping flag
	Yes
	FFS
	

	Resource assignment
	Yes
	Yes
	Yes

	TPC command for scheduled PUSCH
	Yes
	Yes
	Yes

	Cyclic shift for DM RS and OCC index and IFDMA configuration
	Yes
	Yes
	Yes

	Downlink assignment index
	Yes
	FFS
	Needed when HARQ-ACK transmitted on PUSCH. The exact design FFS.

	CSI request
	Yes
	Yes
	Yes

	SRS request
	Yes
	Yes
	Yes

	HARQ process number
	Yes, but only for certain cases such as eLAA and sTTI.
	Yes. The max # of HARQ processes can be e.g. 16 with a 4-bit indicator.
	Yes

	Per transport block/CW
	MCS
	Yes.
RV is supported in certain cases such as LAA.
	Yes.
The DCI also needs to support multi-slot scheduling.
	Yes

	
	NDI
	
	
	

	
	RV
	
	
	

	SRS resource indicator (SRI)
	Yes, only in Format 4 for UL MIMO
	Yes
	No

	Wideband and/or sub-band TPMI
	Yes, only in Format 4 for UL MIMO
	Yes
	No

	Transmission Rank Indicator
	Yes
	Yes
	Yes

	Antenna port(s), scrambling identity (FFS) and number of layers
	Yes
	Yes
	Yes

	Timing offset between PUSCH and UL grant 
	Yes, but only in certain cases such as LAA.
	Yes.
(UL scheduling delay, in unit of slot/symbol)
	No.
At least semi-static configuration should also be supported, e.g. for FDD.

	PUSCH transmission starting symbol and length
	No
	Yes.
(in unit of slot/symbol)
	No.
Semi-static configuration is also supported.

	CBG-based transmission
	No
	Yes. Details FFS
	No.

	BW part indicator
	No
	Yes
	if single BWP on carrier, it is not needed

	CRC/RNTI
	Yes
	Yes, 24bits, detail discussed in Coding Agenda
	Yes



As many discussions are still ongoing, it is difficult to predict the size of each of these fields. It would be better to wait for those discussions to conclude and the exact DCI contents/size would become a straightforward exercise.
Observation-1: The exact DCI contents and field sizes depend on many ongoing discussions and it is better to wait for those discussions to conclude.
3	Configurability of DCI fields and fall-back DCI
Based on the analysis in previous sections, DCI in NR will have larger payload size than that in LTE generally speaking. (This does not exclude the possibility of compact DCI formats e.g. for URLLC.) New fields are being added to support the flexible framework and new MIMO operations.
It is obvious that including all the fields in the DCI format would result into unnecessarily large format size, this resulting in poorer PDCCH coverage and lower spectral efficiency. Therefore, it is important to allow some fields to be omitted from DCI when they are not necessary (e.g. when semi-static configuration is sufficient).
In addition, the presence of some of the fields will naturally depend on the transmission scheme/mode, especially for the MIMO-related fields. It is not desirable to keep all the fields even when the configured transmission scheme/mode does not require some of them.
In this sense, the configurability of some of the DCI fields should be supported. This can be done via different DCI formats and/or configurable fields in a DCI format. Different DCI formats would be more appropriate for cases with very different DCI contents (e.g. different MIMO schemes, or very different use cases such as URLLC, sidelink, unlicensed, etc.), and configurable fields would be more appropriate to handle the fields that e.g. can be semi-statically configured or omitted in some scenarios. For example, in Table 1 and Table 2, the last column shows which fields can be configurable in our view. As a general principle, it would be good to minimize the number of DCI formats to avoid too much fragmentation in the specifications.
Observation-2: It is necessary for NR to support configurability of the presence and/or length of certain DCI fields to reduce DCI size.
Proposal-1: The DCI format fields include the mandatory DCI fields (indicated by Yes, in last column of Table 1 and 2) and configured optional DCI fields (indicated by NO, in last column of Table 1 and 2).

On support of fall-back mechanism
When there are multiple DCI formats and/or configurability of DCI fields, it is beneficial to support the fall-back DCI messages/formats that can be used during the reconfiguration (and recovery procedure). As in LTE, these DCI messages/formats can be transmitted in common or user-specific search space.
Proposal-2: One DL DCI message/format and one UL DCI message/format are used to support the fall-back operation.
On DCI format configuration and its connection to search-space
The NR design of DCI formats should enable the following functionality:
· it should provide a possibility to configure the same DCI format size for UL grant and DL assignment. This being beneficial particularly for mini-slot based URLLC, where number of available BDs per PDCCH monitoring occasion will be limited. 
· it should provide a possibility to configure the same DCI format size to be monitored on different CORESETs of different BWPs. This being beneficial for BWP adaptation [1].

[bookmark: _GoBack]To fulfill the above two conditions, we suggest that the DCI formats are configured separately/independently of any CORESET or search-space, and each DCI format contains a DCI format ID. Furthermore, as proposed in [2], the DCI format size(s) to be monitored by UE on a search space are configured together with search-space. And, a gNB can transmit a configured format on any UE’s search-space which contains DCI format size (for monitoring) equal or larger than that of the configured DCI format. If DCI format size on a search space is larger than the size of the transmitted DCI format, the gNB adds padding bits.
Proposal-3: 
· A gNB can configure X DCI formats to a UE, each configured DCI format x contains an ID field that uniquely identifies the format.
· DCI formats are configured to a UE independently of CORESET or search-space.
· A gNB may transmit a DCI format x of size M on the search-space containing PDCCH candidates for DCI format size N, if M<=N.
· If M<N then gNB adds padding bits.   
4	Conclusion
In this contribution, we have discussed the possible DCI contents and have the following observations and proposals:
Observation-1: The exact DCI contents and field sizes depend on many ongoing discussions and it is better to wait for those discussions to conclude.
Observation-2: It is necessary for NR to support configurability of the presence and/or length of certain DCI fields to reduce DCI size.
Proposal-1: The DCI format fields include the mandatory DCI fields (indicated by Yes, in last column of Table 1 and 2) and configured optional DCI fields (indicated by NO, in last column of Table 1 and 2).
Proposal-2: One DL DCI message/format and one UL DCI message/format are used to support the fall-back operation.




Proposal-3: 
· A gNB can configure X DCI formats to a UE, each configured DCI format x contains an ID field that uniquely identifies the format.
· DCI formats are configured to a UE independently of CORESET or search-space.
· A gNB may transmit a DCI format x of size M on the search-space containing PDCCH candidates for DCI format size N, if M<=N.
· If M<N then gNB adds padding bits.   
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