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1 Introduction
From RAN#78, there were agreements for support URLLC enhancements in [1].  
	· Proposed scope in RAN1:

· 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) 


This contribution discusses needs for a new format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data. Also, if a new DCI format is defined, it is discussed which field should be included in the DCI format for URLLC. 
2 
Discussions 
1.1 Necessity of a new DCI format for URLLC 

In our company’s contribution [2], it was shown how much PDCCH can achieve reliability in case of aggregation levels (ALs) and DCI payload size. In the case that DCI payload size has 30 bits (including CRC bits), it was shown that 10-5 of reliability is approximately at -2 dB and -4 dB in case of AL 8 and AL 16, respectively. Regarding the latest RAN1 specification [3], it was shown that DCI format 0_0 size has a range of 54 ~ 61 bits, and DCI format 1_0 size has a range of 62 ~ 69 bits under the assumption that undecided values (i.e., blanked values) are included in DCI size, X is 4 bits, frequency range has a range of 5 MHz (25 RBs) ~ 50 MHz (273 RBs) with 15 kHz subcarrier spacing, and CRC of 24 bits is considered. 

To make a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data, there are several options such that it reduces or removes a certain fields of DCI format 0-0 (or 1-0) or CRC bits. Herein, it should be carefully considered that reducing CRC bits may affects to increase the blocking probability and then it may incur higher false alarm rate and have an impact on high reliability issue. Accordingly, reducing or removing certain DCI fields is key to enable to make a new DCI format URLLC. It is noted that LTE DCI format 1c has a range of 39 ~ 46 bits under the assumption that NRBStep = 1and frequency range has a range of 5 MHz (25 RBs) ~ 50 MHz (273 RBs) with 15 kHz subcarrier spacing, and CRC of 24 bits is considered. If a new DCI format for URLLC follows approximate size of LTE DCI format 1c, DCI size can be reduce about 3/4 ~ 2/3 compared with DCI format 1_0. However, it is noted that LTE 1C format cannot be used for data unicast scheduling with HARQ operation. It will discuss on how to design a new compact DCI format for URLLC in the following section. 

Proposal 1: Consider a new DCI format for URLLC with the minimal size to increase reliability 
1.2 Field for DCI format for URLLC 
In this section, it is discussed on which DCI fields are useful or not for a DCI format for URLLC. Following two tables show DCI format 0_0 and 1_0 as shown in [3], respectively. 
Table 1. Field for DCI format 0_0

	Field for Format 0_0
	Size (bits)

	Identifier for DCI formats
	[1]

	Frequency domain resource assignment
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	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
	0, 1

	Total payload size
	30 ~ 37


Table 2. Field for DCI format 1_0

	Field for Format 1_0
	Size (bits)

	Identifier for DCI formats
	[1]

	Frequency domain resource assignment
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	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]

	Total payload size
	38 ~ 45


Based on DCI format, some fields should be included in URLLC DCI format. The first thing is that URLLC DCI format for DL and UL should have the same size to reduce blind decoding assumptions for URLLC UE. The second thing is that HARQ related parameter should be included to ensure reliable data transmission. The third thing is frequency related field to schedule flexibly and get diversity gain. The fourth thing is MCS table to enable flexible scheduling and high reliability. To sum up, following fields should be included for URLLC DCI format: Identifier for DCI formats, frequency domain resource assignment, frequency hopping flag, VRB-to-PRB mapping, MCS, NDI, RV and HARQ process number.
Some field can be removed for URLLC DCI format. The first thing is time-related DCI field such as time domain resource assignment and PDSCH-to-HARQ_feedback timing indicator because URLLC requires very low latency and therefore time related parameter should use as the minimum value among possible values or RRC configured values. To sum up, following fields cannot be included for URLLC DCI format: time domain resource assignment, PDSCH-to-HARQ_feedback timing indicator. 
Remaining DCI fields are followings: TPC command for scheduled PUSCH/PUSCH, UL/SUL indicator, PUCCH resource indicator, Downlink assignment index. Regarding TPC command for scheduled PUSCH/PUSCH, UE can use power efficiently and gNB can coordinate inter-cell interference by allocating proper UL transmission power.  Regarding UL/SUL indicator, it may be used if URLLC UE uses mmWave. Regarding PUCCH resource indicator, it can improve reliability of PUCCH resource due to selective gain on PUCCH resources. Regarding DAI, it might be required in case that DL (non) slots has a linkage with one UL (non) slot in TDD. Accordingly, it is necessary to check whether above fields can be configured (or indicated via RRC) or not depending on URLLC use cases. 
Following contents of Table 3 are summarized for a possible URLLC DCI format.  
Table 3. possible URLLC DCI format for UL/DL
	UL DCI field
	Importance
	DL DCI field

	Identifier for DCI formats
	High
	Identifier for DCI formats

	Frequency domain resource assignment
	· 
	Frequency domain resource assignment

	Frequency hopping flag
	· 
	VRB-to-PRB mapping

	Modulation and coding scheme
	· 
	Modulation and coding scheme

	New data indicator
	· 
	New data indicator

	Redundancy version
	· 
	Redundancy version

	HARQ process number
	
	HARQ process number

	TPC command for scheduled PUSCH
	Medium
	Downlink assignment index

	UL/SUL indicator
	· 
	TPC command for scheduled PUCCH

	
	
	PUCCH resource indicator

	Time domain resource assignment
	Low
	Time domain resource assignment

	
	
	PDSCH-to-HARQ_feedback timing indicator

	15 ~ 20 bits
	Expected total payload size
	15 ~ 20 bits



One more thing to further consider is UE blind decoding assumption. Under the consideration that URLLC UE should also monitor paging or system related information on common search space, it is better to have the size of URLLC DCI format be the same with DCI format having CRC scrambled by P-RNTI or SI-RNTI to reduce UE blind decoding assumption. Moreover, it should be clarified whether or not DCI fields categorized by medium or low are included in URLLC DCI format. 
Proposal 2: URLLC DCI format should include at least HARQ related parameters and frequency related parameters. 
Proposal 3: URLLC DCI format does not need to use at least time related parameters. 
3 Conclusions
In this contribution, Additional DCI Format for URLLC was discussed. Based on discussion, following proposals are summarized as below.
Proposal 1: Consider a new DCI format for URLLC with the minimal size to increase reliability 
Proposal 2: URLLC DCI format should include at least HARQ related parameters and frequency related parameters. 
Proposal 3: URLLC DCI format does not need to use at least time related parameters. 
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