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1. Introduction
[bookmark: _Hlk505523468]In RAN 1#92 meeting, following link-level simulation assumptions were agreed to study the necessity of compact DCI and PDCCH repetition [1]:
	Parameters
	Value
	Notes

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits (optional)  
	

	System bandwidth
	20MHz
	

	Carrier Frequency
	4GHz, 700MHz
	Reported by companies

	Number of symbols for CORESET
	1, 2, 3
	Reported by companies

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz (optional for PDCCH repetition in frequency)
	

	Subcarrier spacing
	30KHz, other SCS are not precluded
	Reported by companies

	Aggregation level
	Compact DCI study: 8, 16. (1,2,4 are optional)
PDCCH repetition study (40bits): 4, 8, 16
	

	Transmission type
	Interleaved
	

	REG bundling size
	6
	

	Modulation 
	QPSK
	

	Channel coding
	Polar code (DCI)
	

	Transmission scheme
	1-port precoder cycling
	

	Channel estimation
	Realistic
	

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	

	UE speed
	3 km/h
	

	Number of BS antennas
	2Tx
	

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz
	

	Residual target BLER 
	10^-5
	Applied to one-shot tx, PDCCH repetition, HARQ, and others

	Deployment
	Urban macro as listed in 3GPP 38.802
	

	SINR target
	Compact DCI study: 5th percentile DL geometry
PDCCH Repetition study: look at link curves directly
	



In this contribution, we firstly 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
	2.5

	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 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. As such, for one-shot dynamic scheduling, PDCCH reliability requirements are Pc < 10-5 and FAR << 10-5.
For 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. Before proposing any enhancements, we should first check whether current PDCCH design can meet the requirement, and the gap if current PDCCH is not sufficient. In this contribution, we compare the performance difference between the DCI format 0_0/1_0 and compact DCI. 
3. Performance comparison between the fallback DCI and compact DCI
In this section, we provide link-level evaluation results to check whether compact DCI is needed. According to the agreed simulation assumptions, the parameters used are summarized in the appendix. It is noted that for AL=4 and 8, 1-symbol and 2-symbol CORESET with 20MHz bandwidth are used, while for AL=16, only 2-symbol CORESET with 20MHz bandwidth can be used. 
3.1. Impact of smaller DCI payload
The code rates for the fallback DCI and possible compact DCI for URLLC is calculated in Table 1, with consideration of the current agreed DMRS overhead and 24-bit CRC.
Table 1: DCI contents for fallback DCI format and compact DCI for URLLC
	Payload size (bits) / AL
	AL4
	AL8
	AL16

	40 + 24
	0.148148148
	0.074074074
	0.037037037

	30 + 24
	0.125
	0.0625
	0.03125

	24 + 24
	0.111111111
	0.055555556
	0.027777778



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

From Fig.2, following can be observed:
For AL8, 2-OS CORESET is better than 1-OS CORESET. This is because the channel estimation accuracy is better for 2-OS CORESET; for 1-OS CORESET, one REG-bundle spans wider BW so that channel value is fluctuated more, within a REG-bundle.
It is noted that for AL4, 2-OS CORESET crosses/aligns 1-OS CORESET at SNR around -4dB. For lower SNR region, due to the same reason as for AL8, 2-OS CORESET is better than 1-OS CORESET. For higher SNR region, 1-OS CORESET can get higher frequency-diversity gain according to the applied interleaver. Hence, there is a crossing point between 2-OS CORESET and 1-OS CORESET.
Overall, 40-bit fallback DCI and 30-bit/24-bit compact DCI, using AL4 cannot meet the 10-5 BLER requirement at the SINR operation point of -2.6dB; while using AL8 or AL16 can meet the requirement. In addition, compared to reducing DCI size from 40 bits to 30 or 24 bits can reduce required SNR around 0.5-1dB, while increasing AL like increase from AL=4 to AL=8 or increase AL=8 to AL=16 can achieve more gains like 2dB. The gains obtained from reducing the DCI size cannot be comparable with the pains for additional complexity due to monitoring compact DCI size.   

Observation 1:
· Observations from the Fig. 2 of simulation results are following:
· Compact DCI offers performance gain around 0.5-1 dB at BLER = 10-5. 
· Operating SNR for PDCCH with AL=8 or 16 at BLER = 10-5 is lower than -3dB for both fallback DCI with 40-bit payload, and compact DCI with 30-/24-bit payload.
· 2-OS CORESET is better than 1-OS CORESET thanks to the better channel estimation accuracy.
· 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.
4. DCI contents for possible compact DCI
If compact DCI is necessary, some explanations on the possible compact DCI targeting URLLC are following, Table 2 gives an example:
· 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 2: 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
	4 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 2:
· 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.

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:
· Observations from the Fig. 2 of simulation results are following:
· Compact DCI offers performance gain around 0.5-1 dB at BLER = 10-5. 
· Operating SNR for PDCCH with AL=8 or 16 at BLER = 10-5 is lower than -3dB for both fallback DCI with 40-bit payload, and compact DCI with 30-/24-bit payload.
· 2-OS CORESET is better than 1-OS CORESET thanks to the better channel estimation accuracy.
· 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.
Observation 2:
· 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.
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Appendix
Table 3: Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	30kHz

	Modulation
	QPSK

	Channel Coding
	Polar code

	Aggregation Level
	4, 8, 16

	Control Resource Set (CORESET) configuration
	Time-domain duration
	1 OFDM symbol for AL=4 and 8;
2 OFDM symbols for AL=4, 8 and 16.

	
	CORESET Bandwidth (N_REG)
	20 MHz

	
	REG-bundle size (L)
	6

	
	CCE-to-REG mapping
	Interleaved (Interleaver row: R=2)
NOTE that in TS 38.211, it is specified that the UE is not expected to handle configurations resulting in the quantity C not being an integer, where C = N_REG/(L*R) 

	
	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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