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1. Introduction
[bookmark: _Hlk505523468]In RAN#78, following research scope for URLLC in RAN1 is approved [1]:
	· 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 first discuss the reliability requirement for URLLC DL control channel, then we study the necessity of the smaller DCI payload size compared to the fallback DCI i.e., DCI format 0_0 and 1_0 by checking the required SNR to achieve the target BER. 
2. Reliability requirement for URLLC DL control channel
The requirement for URLLC is defined in [2]. For reliability, the target is 99.999% with a User Plane latency of 1ms with the packet size of 32 bytes; for latency, the target is 0.5ms for both DL and UL end-to-end transmission. The reliability requirement should be met at the 5% SINR CDF. The 5% CDF of SINR in a system has been evaluated in LTE HRLLC work item, and RAN1 reached the following agreements.
	Agreements:
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE:

	
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7





Figure 1 shows the DL SINR CDF in companies’ evaluations. 

Fig.1.	DL SINR CDF evaluation results.

Assuming one-shot dynamic scheduling of a PDSCH, the overall requirement is Pc + (1Pc)*Pd =< 10-5, where Pc and Pd denote the miss-detection probability of PDCCH and BLER of the data, respectively. For example, the requirement can be met with Pc = 0.5*10-5 and Pd = 0.5*10-5, or when Pc = 0.2*10-5 and Pd = 0.8*10-5, etc. Note that sufficient length of CRC is needed so that sufficiently low false-alarm probability (e.g., 0.01*10-5) is ensured. 
For the scheduling PDCCH, there are some ways to improve the performance: e.g., (1) accumulating more energy, (2) lowering coding rate, and/or (3) further diversity. In this contribution, we focus on compact DCI, which results in (1) and (2). 

3. DCI contents for possible compact DCI
One way to achieve (1) accumulating more energy and (2) lower coding rate is to define compact DCI. NR fallback DCI having less/no configurability would be the good baseline to further reduce the DCI size for scheduling URLLC. Table 1 lists the DCI contents for fallback DCI, DCI format 0_0 and DCI format 0_1 based on TS 38.212. Besides, compact DCI size is also proposed by reducing or removing some fields in the fallback DCI. Some explanations on the possible compact DCI targeting URLLC are following:
· FH for uplink and distributed VRB-to-PRB for downlink. Therefore, no fields are necessary.
· Freq-RA field can be reduced to, e.g., 4-10 bits. Exact resource allocation scheme with smaller bit-width should be investigated.
· Time-RA should be kept as large as possible, e.g., 3 bits, so that flexibility is ensured.
· MCS field can be truncated.
· HPN field can be smaller: no need to utilize all HARQ processes for URLLC traffic.
· PUCCH resource indicator and HARQ timing indicator: jointly encoded to, e.g., 2 bits.
Table 1: DCI contents for fallback DCI format and compact DCI for URLLC
	DCI format
	Format 0_0
	Format 1_0
	Compact

	General
	Fallback UL grant
	Fallback DL assignment
	UL grant/DL assignment

	DCI format ID
	1 bit
	1 bit

	FH flag
	1 bit
	NA
	Always enabled for UL

	VRB-to-PRB mapping
	NA
	1 bit
	Always enabled for DL

	Freq-RA
	Maximum 16 bits for 275PRBs
	4-10 bits

	Time-RA
	[3] bits 
	2-3 bits

	MCS
	5 bits
	4 bits

	NDI
	1 bit
	1 bit

	RV
	2 bits
	1 bit

	HPN
	4 bits
	1-2 bits

	TPC command
	2 bits
	2 bits

	PUCCH resource indicator
	NA
	2 bits
	2-3 bits

	PDSCH-to-HARQ feedback timing indicator 
	NA
	3 bits
	

	CRC
	24 bits
	<=24 bits

	Total 
	64 bits
	(17-26) bits + [24] bits 



Observation 1:
· Possible size of a compact DCI targeting URLLC is around 17 – 26 bits + CRC 24 bits.
· FH for uplink and distributed VRB-to-PRB mapping for downlink is assumed to be enabled always.
· Freq-RA field needs to be 4 – 10 bits. Resource allocation scheme needs to be considered.
· Better to keep time-RA field to be as large as possible, e.g., 3 bits.
· MCS field can be truncated, e.g., 4 bits.
· HPN field can be shortened, e.g., 1-2 bits, assuming full HARQ processes are not necessary.
· PUCCH resource and HARQ timing can jointly be encoded with 2 – 3 bits.
4. Performance comparison between the fallback DCI and compact DCI
In this section, we provide preliminarily link-level evaluation results to check whether compact DCI is needed. Simulation assumptions are summarized in the appendix. 

4.1	Impact of smaller DCI payload
The code rates for the fallback DCI and possible compact DCI for URLLC is calculated in Table 2, with consideration of the current agreed DMRS overhead and 24-bit CRC.
Table 2: DCI contents for fallback DCI format and compact DCI for URLLC
	Payload size (bits) / AL
	AL1
	AL2
	AL4
	AL8
	AL16

	40 + 24
	0.592592593
	0.296296296
	0.148148148
	0.074074074
	0.037037037

	30 + 24
	0.5
	0.25
	0.125
	0.0625
	0.03125

	24 + 24
	0.444444444
	0.222222222
	0.111111111
	0.055555556
	0.027777778

	15 + 24
	0.296296296
	0.148148148
	0.074074074
	0.037037037
	0.018518519



Average BLER performances of PDCCH with AL = 1, 2, 4, 8, 16 as a function of received SNR are plotted in Fig. 1. Here, 4 Rx antenna is assumed for the UE receiver.
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Fig. 2	Average BLER performance of PDCCH with AL=1, 2, 4, 8, 16.

Observation 2:
· Observations from the Fig. 2 of simulation results are following:
· Compact DCI offers performance gain around 1-2 dB at BLER = 0.5*10-5. For smaller AL, the gain is larger.
· Operating SNR for PDCCH with AL=8 or 16 at BLER = 0.5*10-5 is lower than -3dB for both fallback DCI with 40 bits payload, and possible compact DCI with 15-30 bits payload.
· Above is based on the assumption that the UE equips 4 Rx antennas. If 2 Rx antennas is assumed, 3 or more dB degradation is expected.

5. Conclusion
In this contribution, we discuss the reliability requirement for URELLC DL control channel and the necessity of the smaller DCI size compared to the DCI format 0_0 and 1_0. Following are the summary:
Observation 1:
· Possible size of a compact DCI targeting URLLC is around 17 – 26 bits + CRC 24 bits.
· FH for uplink and distributed VRB-to-PRB mapping for downlink is assumed to be enabled always.
· Freq-RA field needs to be 4 – 10 bits. Resource allocation scheme needs to be considered.
· Better to keep time-RA field to be as large as possible, e.g., 3 bits.
· MCS field can be truncated, e.g., 4 bits.
· HPN field can be shortened, e.g., 1-2 bits, assuming full HARQ processes are not necessary.
· PUCCH resource and HARQ timing can jointly be encoded with 2 – 3 bits.
Observation 2:
· Observations from the Fig. 2 of simulation results are following:
· Compact DCI offers performance gain around 1-2 dB at BLER = 0.5*10-5. For smaller AL, the gain is larger.
· Operating SNR for PDCCH with AL=8 or 16 at BLER = 0.5*10-5 is lower than -3dB for both fallback DCI with 40 bits payload, and possible compact DCI with 15-30 bits payload.
· Above is based on the assumption that the UE equips 4 Rx antennas. If 2 Rx antennas is assumed, 3 or more dB degradation is expected.
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Appendix
Table 3: Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	15 kHz (30kHz)

	Modulation
	QPSK

	Channel Coding
	Polar code

	Aggregation Level
	1, 2, 4, 8, 16

	Control Resource Set (CORESET) configuration
	Time-domain duration
	1 OFDM symbol

	
	CORESET Bandwidth
	40 MHz

	
	CCE-to-REG mapping
	Interleaved (Interleaver row: 6)

	
	REG-bundle size
	6

	
	Precoder granularity
	REG-bundle

	
	Resource mapping
	Distributed transmission

	Transmission Diversity Scheme
	1-port Precoder Cycling

	DMRS density
	1/4; symbol #1, #5, #9 within each REG

	Channel Model
	TDL-C, Delay spread 300 ns, UE spread 3 km/h

	gNB antenna configuration
	2Tx

	UE antenna configuration
	4Rx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal
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