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1 Introduction
During the study item for NR, a reliability requirement of NR PDCCH was agreed as follows [1];

	Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 


At RAN #78, RAN1 scope for high reliability of NR URLLC was agreed to include the following [2];
	· Specify, CQI table and MCS table design targeting high reliability
· Based on the following identified need from RAN1 (RAN1 #90bis)
· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 



In this contribution, we provide our views on a new DCI format that has a smaller DCI payload size than DCI format 0_0 and 1_0 and can be used for NR URLLC.
2 Discussion
PDCCH with high reliability is one of the most important aspects for NR URLLC operation. If the reliability for PDCCH is not sufficient, it will impact not only the reliability of URLLC but also the low latency aspect. Although the reliability of NR PDCCH has been discussed in study item phase and it is still FFS, a target BLER of NR PDCCH should be under 10-5 since NR supports in TR 38.913 that a general URLLC reliability requirement for one transmission of a packet is (1-10-5) for 32 bytes with a user plane latency of 1ms.
Some companies have shown the gain of the compact DCI in terms of BLER performance [3], [4]. In their evaluations, the DCI payload size for URLLC was expected to be in the order of 15-20 bits. Tables 1 and 2 show lists of payload size in the current fall back DCI format 1_0 and 0_0, respectively. Although some payload sizes are still FFS, assuming that the number of RB is 100 and the size of time domain resource assignment is 2, the total payload size will be 32-38 bits. A more compact DCI format for URLLC may therefore still be necessary to reduce the payload size to the order of 10-20 bits from the current fall back DCI format.
Proposal 1: NR supports a compact DCI format for URLLC operation.

Table 1: DCI format 1_0 for PDSCH

	Field
	Size

	Identifier for DCI formats 
	[1]

	Frequency domain resource assignment  
	(Depending on #RB)

	Time domain resource assignment 
	X

	VRB-to-PRB mapping 
	1

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number 
	4

	Downlink assignment index 
	2

	TPC command for scheduled PUCCH 
	[2]

	PUCCH resource indicator 
	[2]

	PDSCH-to-HARQ_feedback timing indicator 
	[3]


Table 2: DCI format 0_0 for PUSCH

	Field
	Size

	Identifier for DCI formats 
	[1]

	Frequency domain resource assignment  
	(Depending on #RB)

	Time domain resource assignment 
	X

	Frequency hopping flag 
	1

	Modulation and coding scheme 
	[5]

	New data indicator 
	1

	Redundancy version 
	[2]

	HARQ process number 
	[4]

	TPC command for scheduled PUSCH 
	[2]

	UL/SUL indicator 
	1


In order to reduce the payload size from the current fall back DCI format, the compact DCI should be determined by removing non-essential information considering URLLC transmissions. The exact bits for reduction should be determined based on a trade-off between scheduling flexibility and the payload reduction effect. In addition, this bit reduction can be assisted by pre-configured information via RRC signalling and/or another PDCCH. Tables 3 and 4 are some examples for the compact DCI format with some reduced bit field sizes. RAN1 can consider to reduce at least the following bit fields for the compact DCI format.
Frequency domain resource assignment
For URLLC transmission, a resource allocation type 1 can be used similar to when the fall-back DCI is used. The size of this field depends on the number of RB in an active BWP. Assuming 100 RBs in a BWP, this field becomes 13 bits. If a granularity for the frequency domain resource assignment is increased, the field size will be reduced. For example, if the granularity is 16 RBs, the payload size will be reduced to 5 bits.
Time domain resource assignment
This field indicates K0, OFDM symbols and PDSCH mapping type. Although this field is still FFS in the fall back DCI, up to 4 bits can be configured in non-fall back DCI. Considering URLLC transmission, the combinations for time domain resource assignments can be limited. If the combinations are limited to 2 or 4, the field size of this field can be 1 or 2 bits.
Modulation and coding scheme
Assuming the required high reliability of URLLC transmissions, high code rates and higher order modulation constellations may not be suitable. In addition, if high resource utilization is not important for URLLC data, the number of allowable MCS table entries can be reduced. For example, this field could be reduced from 5 bits to 2 or 3 bits.
Redundancy version
In order to realize a low latency transmission, the number of retransmissions should be low by increasing the reliability for each transmission. This could limit the number of redundancy versions for URLLC to 0 and 3, thereby reducing the size of this field to 1 bit.
Proposal 2: RAN1 considers to reduce at least the following bit field for the compact DCI format.
· Frequency domain resource assignment

· Time domain resource assignment

· Modulation and coding scheme

· Redundancy version

Table 3: Example of compact DCI format for PDSCH

	Field
	Size

	Identifier for DCI formats 
	[1]

	Frequency domain resource assignment  
	13 -> 5 for 100 RBs

	Time domain resource assignment 
	X -> 1 or 2

	VRB-to-PRB mapping 
	1

	Modulation and coding scheme
	5 -> 2 or 3

	New data indicator
	1

	Redundancy version
	2 -> 1

	HARQ process number 
	4

	Downlink assignment index 
	2

	TPC command for scheduled PUCCH 
	[2]

	PUCCH resource indicator 
	[2]

	PDSCH-to-HARQ_feedback timing indicator 
	[3]


Table 4: Example of compact DCI format for PUSCH

	Field
	Size

	Identifier for DCI formats 
	[1]

	Frequency domain resource assignment  
	13 -> 5 for 100 RBs

	Time domain resource assignment 
	X -> 1 or 2

	Frequency hopping flag 
	1

	Modulation and coding scheme 
	[5] -> 2 or 3

	New data indicator 
	1

	Redundancy version 
	[2] -> 1

	HARQ process number 
	[4]

	TPC command for scheduled PUSCH 
	[2]

	UL/SUL indicator 
	1


3 Conclusion
In this contribution, we provided our views on a compact DCI format for NR URLLC operation, where our proposals are summarized as follows:
Proposal 1: NR supports a compact DCI format for URLLC operation.
Proposal 2: RAN1 considers to reduce at least the following bit field for the compact DCI format.

· Frequency domain resource assignment

· Time domain resource assignment

· Modulation and coding scheme

· Redundancy version
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