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Introduction
The following were agreed in RAN1#96bis for DL control signaling enhancements. All agreements concerned fields of DCI formats while there were no agreements on PDCCH monitoring requirements. This contribution considers remaining fields for the DCI formats and PDCCH monitoring aspects for URLLC.

Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)

Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 

Agreements:
Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)

Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 


PDCCH for URLLC
DCI Formats
Table 1 and Table 2 list the fields of DCI format 0_1 and DCI format 1_1. Comments are included for the configurability of the fields. Configurability for the size of any field does not introduce a functional specification impact. The DCI format identifier bit and the CRC/RNTI are not considered. New fields are also not considered as their necessity needs to first be determined.
 





Table 1: DCI format 0_1
	Field with Configurable Size
	Number of bits - Comments

	Carrier indicator
	Configurable from 0 to 3. Even though CA is not meaningful for URLLD, cross-carrier scheduling should be supported as in Rel-15 (e.g. for a UE with both MBB and URLLC services). No functional specification impact.

	UL/SUL indicator
	As in Rel-15

	BWP indicator
	As in Rel-15

	Frequency-domain PUSCH resources
	As in Rel-15 with configurable RBG size

	Time-domain PUSCH resources
	As in Rel-15 

	Frequency hopping flag
	Configurable. No functional specification impact

	Modulation and coding scheme 
	Configurable. No need to support QAM64 and possibly QAM16 for all URLLC applications. No functional specification impact (higher entries of MCS table are not addressable if the field has less than 5 bits)

	New data indicator
	1 bit, fixed an in Rel-15 (agreed in RAN1#96bis)

	Redundancy version
	Configurable. No need to have full gain from IR for small TBs. No functional specification impact.

	HARQ process number 
	Configurable. Peak data rates are not an objective for typical URRLC applications and some require 1 ms PHY layer latency. No functional specification impact.

	TPC command for PUSCH 
	0 bits (the gNB may have no information for adjusting a PUSCH power with a TPC command) or 2 bits

	SRS resource indicator
	As in Rel-15

	Precoding information and number of layers
	As in Rel-15

	Antenna ports
	As in Rel-15

	SRS request
	Configurable. No functional specification impact

	CSI request
	As in Rel-15 

	CBG transmission information (CBGTI)
	As in Rel-15 (agreed in RAN1#96bis)

	PTRS-DMRS association
	As in Rel-15

	beta_offset indicator
	As in Rel-15

	DMRS sequence initialization
	As in Rel-15

	UL-SCH indicator
	1 bit, fixed an in Rel-15 (agreed in RAN1#96bis)




Table 2: DCI format 1_1
	Field with Configurable Size
	Specification Impact

	Carrier indicator
	Configurable from 0 to 3. Even though CA is not meaningful for URLLD, cross-carrier scheduling should be supported as in Rel-15 (e.g. for a UE with both MBB and URLLC services). No functional specification impact.

	BWP indicator
	As in Rel-15

	Frequency-domain PDSCH resources
	As in Rel-15 with configurable RBG size

	Time-domain PDSCH resources
	As in Rel-15 with reference symbol being either the first CORESET symbol or the first symbol after the CORESET (TBD)

	VRB-to-PRB mapping
	As in Rel-15

	PRB bundling size indicator
	As in Rel-15 (agreed in RAN1#96bis)

	Rate matching indicator
	As in Rel-15 (agreed in RAN1#96bis)

	ZP CSI-RS trigger
	As in Rel-15 (agreed in RAN1#96bis)

	Modulation and coding scheme 
	Configurable. No need to support QAM64 and possibly QAM16 for all URLLC applications. No functional specification impact (higher entries of MCS table are not addressable if the field has less than 5 bits)

	New data indicator
	1 bit (agreed in RAN1#96bis)

	Redundancy version
	Configurable. No need to have full gain from IR for small TBs. No functional specification impact.

	HARQ process number 
	Configurable. Peak data rates are not an objective for typical URRLC applications and some require 1 ms PHY layer latency. No functional specification impact.

	Downlink Assignment Index 
	Configurable. Codebook-based HARQ-ACK may not be configured - the UE can operate as in Rel-15 prior to codebook configuration. No functional specification impact.

	TPC command for PUCCH 
	0 bits (the gNB may have no information for adjusting a PUCCH power with a TPC command) or 2 bits

	PUCCH resource indicator
	As in Rel-15. No functional specification impact 

	PDSCH-to-HARQ feedback timing indicator
	As in Rel-15. No functional specification impact

	Antenna ports
	As in Rel-15

	Transmission configuration indication
	Configurable. No functional specification impact

	SRS request
	Configurable. No functional specification impact

	CBG transmission information (CBGTI)
	As in Rel-15 (agreed in RAN1#96bis)

	CBG flushing out information (CBGFI)
	As in Rel-15 (agreed in RAN1#96bis)

	DMRS sequence initialization
	Configurable. No functional specification impact



To meet the limit of 3 unicast DCI formats per slot, the gNB can dimension the size of the DCI formats for URLLC so that they are same as DCI formats 0_0/1_0 or as DCI format 0_1 or as DCI format 1_1. If the network prefers to maintain a small size for the DCI formats for URLLC (e.g. 10-16 bits less than the size of DCI formats 0_0/1_0), padding can apply to DCI format 0_0 or DCI format 1_0 to have a same size as DCI format 0_1 or DCI format 1_1, respectively.  

Proposal 1: Except for the NDI, UL-SCH indicator, and TPC fields that are as in Rel-15, the size of every other field in a DCI format for Rel-16 URLLC is configurable.
 

UE Capability for PDCCH monitoring 
For feature group 3-5b (FG 3-5b), all PDCCH monitoring occasions can be in any OFDM symbol(s) of a slot with a span gap. The PDCCH monitoring occasions of FG 3-5b are those of FG 3-1 (basic PDCCH monitoring capability for MBB) and additional PDCCH monitoring occasion(s) after the third symbol of the slot can be in any symbol(s). For any two PDCCH monitoring occasions in same or different search space sets, where at least one PDCCH monitoring occasion is not the PDCCH monitoring occasion of FG 3-1, there is a minimum time separation of X symbols (including the cross-slot boundary case) between the start of two spans. Each span is of length up to Y consecutive symbols. The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG 3-1, is no more than floor(14/X) (X is minimum among values reported by UE). The number of PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG 3-1, is no more than 7. A UE can perform additional PDCCH monitoring within a slot (beyond the maximum values for PDCCH candidates and non-overlapping CCEs defined in Rel-15), as long as the additional PDCCH monitoring is after X symbols from the previous one. 

The value of X depends on the UE implementation and pairs of (X, Y) is a reported UE capability. The larger the number of non-overlapping CCEs or the number of PDCCH candidates at a PDCCH monitoring occasion is, the larger the value of X need to be. Depending on the value of X, the value of Y can also affect the UE capability with the larger the value of Y, the smaller the number of non-overlapping CCEs or the number of PDCCH candidates at a PDCCH monitoring occasion. Although not clearly stated in FG 3-5b, pairs of (X, Y) need to be a UE reported capability per SCS (similar to the maximum number of non-overlapping CCEs and PDCCH candidates depending on the SCS).

The Rel-16 URLLC WI needs to first define the minimum value of X. An attempt was made in RAN1#96bis through the following Table 1. For example, X can be 2/7/7 symbols for 15/30/60 kHz SCS. Once this is defined, the maximum number of PDCCH candidates and the number of non-overlapping CCEs per PDCCH monitoring occasion, with successive PDCCH monitoring occasions separated by X symbols, need to be defined as part of the UE capability discussions. Inputs on the number of non-overlapped CCEs for pairs of (X, Y) for various SCS are provided in Table 1.

Table 1: Maximum number of non-overlapping CCEs as a function of the span duration and the SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1
	=2
	=3

	Case 1
	1
	1
	32
	32
	16
	TBD

	Case 2
	2
	1
	48
	48
	32
	16

	Case 3
	2
	2
	[48]
	[48]
	[32]
	[16]

	Case 4
	4
	1
	56
	56
	48
	32

	Case 5
	4
	2
	56
	56
	48
	32

	Case 6
	4
	3
	56
	56
	48
	32

	Case 7
	7
	1
	56
	56
	48
	32

	Case 8
	7
	2
	56
	56
	48
	32

	Case 9
	7
	3
	56
	56
	48
	32

	Rel-15 reference (per slot)
	56
	56
	48
	32 



By a UE informing a serving gNB of supported (X, Y) pairs, it is a gNB implementation issue how the gNB configures the UE for PDCCH monitoring related to URLLC and potentially also to MBB services. Further, for determining search space set to potentially drop, although it is reasonable for a UE to prioritize dropping for search space sets associated only with DCI formats for MBB services, it is a gNB implementation issue to assign smaller indexes to the latter search space sets and the Rel-15 procedure suffices.

Proposal 2: Define the minimum number of symbols between successive PDCCH monitoring occasions (per SCS) and then define the maximum numbers of PDCCH candidates and non-overlapping CCEs per PDCCH monitoring occasion that can support the minimum number of symbols between successive PDCCH monitoring occasions (per SCS).


Conclusions
This contribution considered aspects related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Except for the NDI, UL-SCH indicator, and TPC fields that are as in Rel-15, the size of every other field in a DCI format for Rel-16 URLLC is configurable.

Proposal 2: Define the minimum number of symbols between successive PDCCH monitoring occasions (per SCS) and then define the maximum numbers of PDCCH candidates and non-overlapping CCEs per PDCCH monitoring occasion that can support the minimum number of symbols between successive PDCCH monitoring occasions (per SCS).
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