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1. Introduction
[bookmark: OLE_LINK1]In NR URLLC scenario, a general reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. As part of the overall reliability, PDCCH reliability needs to be enhanced. A basic idea is to use compact DCI. 
The potential gain for compact DCI is analyzed in this contribution. As compact DCI can be regarded as a common method for URLLC PDCCH, it can be supported together with other means. We also analyze the bit fields for compact DCI and give a possible smallest DCI size. 
2. Link level simulation for PDCCH/sPDCCH
Excluding CRC bits, the size of DCI format 0-0 and 1-0 is about 40 bits. Figure 1 shows the LLS BLER result for DCI size of 40 and 30 bits. More simulation results and simulation assumptions are provided in Annex. Figure 1 shows that a reduced size of 10 bits can achieve about 0.5 dB gain. 
Based on [1][2][3][4], we can use -5dB as the lowest SINR reference value for NR URLLC. According to Figure 1, AL=16 meets the requirement of SINR target of NR URLLC. However, AL=16 needs to occupy a large bandwidth with 96 RBs in 1-symbol CORESET. In practice, the available resource cannot always be satisfied. In some scenario, AL=8 is have to be used. As shown in Figure 1, the required SNRs at 10e-5 BLER is about -1.5dB or -2dB when using fallback DCI or compact DCI respectively. In [5], it shows that PDCCH with repetitions can obtain 3dB gain. Thus, compact DCI with PDCCH repetition could achieve the 1e-5 reliability at a lower aggregation level and avoid frequency resource been blocked. 
Also, the performance of under TDL-A is worse than that for TDL-C according to the simulation result of Figure A-3/A-4/A-5 in Annex. The reliability needs margin for that case. Consequently, it is necessary to study compact DCI (more than 10bits reduction) in NR URLLC. 
[image: ]
Figure 1. PDCCH BLER, AL8 and AL16, 2OS, 30 kHz SCS, TDL-C, 300ns
Proposal 1: A compact DCI for NR URLLC should be introduced to fulfill the reliability requirement.
3. Analysis on compact DCI
In this section, some details of compact DCI format design are provided. 
· Frequency domain resource assignment
[bookmark: OLE_LINK2]Type 1 resource allocation is approved in DCI format 0-0 [6]. According to [7], SCS of 15 kHz can support at most 50 MHz system bandwidth. 50 MHz system bandwidth has 275 PRB when SCS is 15 kHz. With the supported maximum number of RB in different system bandwidths of NR, resource allocation overhead is analyzed in this section.
Given the supported of BWP sizes are not confirmed in current specification, BWP size is taken as system bandwidth.  Payload of FRA bits, in different system bandwidth, is listed in Table 1.
Table 1 Payload of RA in different system bandwidth
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz
	50MHz

	Payload of RA
	9
	11
	12
	13
	16




According to [8], resource allocation granularity of DCI format 0-0 is 1 RB. In order to reduce the payload size of RA, similar with resource allocation of legacy LTE DL type 2 [9], can be introduced in resource allocation. After increasing the value of  for DCI format 0-0, payloads of RA in different system bandwidths are listed in Table 2. Compare with Table 1, reduced size of RA can be from 2 to 10 bits.
Table 2 Payload of RA in different system bandwidth
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz
	50MHz

	Opt1
	

	2
	2
	2
	2
	2

	
	Payload of RA
	7
	9
	10
	11
	14

	Opt2
	

	2
	4
	8
	8
	16

	
	Payload of RA
	7
	7
	6
	7
	8

	Opt3
	

	4
	8
	16
	16
	32

	
	Payload of RA
	5
	5
	4
	5
	6



Resource allocation of DCI format 1-0 is similar with format 0-0. Reduction would be the same. Considering that the system capacity and scheduling flexibility, the recommended value of recommends can be Opt2 and reduced size of RA can be from 2 to 8bits.

For URLLC services, it is typically to be smaller time granularity than slot. If 2 symbols are assumed, 1/7 smaller size in time than that for slot based. Further, URLLC would need lower code rate and more resource than LTE. Thus maximum size 16 for would be a reasonable value. 
Proposal 2: A compact DCI for NR URLLC should include compressed RA field with 2~8bits less payload than fallback DCI.
· Time domain resource assignment
We have been reached an agreement in RAN1#91 supporting different K0/K2 values for flexible time scheduling:
· One table for UL, one table for DL configured by RRC in Rel-15
· Each table is up to 16 rows
· In the table, each row is configured by RRC with 
· K0 using 2 bits (for DL table),  K2 using 3 bits (for UL table)
· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
· PDSCH mapping type A or B
It indicates the starting slot, the symbol set of PDSCH/PUSCH and PDSCH/PUSCH mapping type. Due to the low latency requirement of URLLC, the default value of K0 can be 0, value of K2 can be 0 or 1, and the default mapping type of PDSCH/PUSCH can be type B. Other values are less applicable for URLLC services. Thus, this can be smaller. For example, it can be up to 4 rows and payload of time domain resource assignment is up to 2 bits in compact DCI.
Proposal 3: Up to 2 bits is used for the time domain resource assignment in compact DCI.
· Modulation and coding scheme and Redundancy version 
For URLLC scenario, it is preferable that redundancy versions with incremental redundancy are supported for LDPC coding or polar coding. RV can bring performance gain by incremental redundancy. However,mainly lower code rates are used in URLLC scenario. Thus the number of RVs could be limited for certain code rates. According to [10], reduced size of DCI is up to 3 bits when careful MCS&RV joint coding is introduced.
Proposal 4: MCS&RV joint coding should be introduced in compact DCI.
· HARQ process number
The main indicators of URLLC are ultra-reliability and low latency. Since URLLC needs shorter HARQ round trip time than eMBB, the number of HARQ processes should be reduced. In addition, high data rate is not the main indicator of URLLC, and field for HARQ process number can be reduced to 2bits.
· Downlink assignment index
Given the limited HARQ process number for URLLC, dynamic HARQ codebook may not be needed at least for FDD. Compare with the dynamic HARQ codebook, semi-static HARQ codebook can achieve the same function. Semi-static HARQ codebook can save 2 bits DAI.
· PDSCH-to-HARQ feedback timing indicator
This field indicates the number of slot intervals between HARQ-ACK feedback and PDSCH reception in fallback DCI. In the URLLC scenario, this timing should be reduced for the stringent requirement of low-latency. HARQ timing can be configured with a fixed value, and this field can be removed. 
· PUCCH resource indicator
The PUCCH resource indicator has high configurability by RRC signaling + DCI indication. Those are not very efficient for URLLC. The field can be removed or dynamically reduced.
· Repetition Indicator
The compact DCI can add a field of repetition indicator to support repetition in a configuration way. This is due to HARQ retransmission does not always meet the low latency requirement of URLLC in a low SNR condition. The overhead of repetition indicator field may be 2 bits, indicating up to 4 repetitions. According to channel quality and time budget, this field can be adjusted.
The minimum possible fields of UL grant and DL assignment are listed in Table 3.
Table 3 Compact DCI for UL grant and DL assignment (BWP=100PRB)
	Field for UL grant
	Bits
	Field for DL assignment
	Bits

	Header/Identifier for DCI format
	1
	Header/Identifier for DCI format
	1

	Frequency  domain resource assignment
	7
	Frequency  domain resource assignment
	7

	Time domain resource assignment
	2
	Time domain resource assignment
	2

	Frequency hopping flag
	1
	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	4
	Modulation and coding scheme
	4

	Redundancy version
	
	Redundancy version
	

	New data indicator
	1
	New data indicator
	1

	HARQ process number
	2
	HARQ process number
	2

	TPC for scheduled PUSCH
	2
	TPC for scheduled PUCCH
	2

	UL/SUL indicator
	0
	Downlink assignment index
	0

	
	
	PUCCH resource indicator
	0

	
	
	PDSCH-to-HARQ timing
	0

	Repetition indicator
	2
	Repetition indicator 
	2

	CRC
	24
	CRC
	24

	Total
	22+24=46
	22+24=46


Observation 1: The fields can be reduced from fallback DCI including, frequency domain resource assignment, Time domain resource assignment, HARQ process number.
[bookmark: _GoBack]Observation 2: Some fields can be considered to be removed from fallback DCI. Those can include: UL/SUL indicator, Downlink assignment index, PUCCH resource indicator and PDSCH-to-HARQ timing.
Observation 3: Compare with fallback DCI, it is feasible to have compact DCI with 10 bits less. 
Proposal 5: Compact DCI for NR URLLC should further reduce Timing, HARQ process, DAI, HARQ timing and PUCCH resource fields and include a configurable repetition field.
4. Conclusion
According to the analysis given above, we have the following observations and proposals: 
Observation 1: The fields can be reduced from fallback DCI including, frequency domain resource assignment, Time domain resource assignment, HARQ process number.
Observation 2: Some fields can be considered to be removed from fallback DCI. Those can include: UL/SUL indicator, Downlink assignment index, PUCCH resource indicator and PDSCH-to-HARQ timing.
Observation 3: Compare with fallback DCI, it is feasible to have compact DCI with 10 bits less. 
Proposal 1: A compact DCI for NR URLLC should be introduced to fulfill the reliability requirement.
Proposal 2: A compact DCI for NR URLLC should include compressed RA field with 2~8bits less payload than fallback DCI.
Proposal 3: Up to 2 bits is used for the time domain resource assignment in compact DCI.
Proposal 4: MCS&RV joint coding should be introduced in compact DCI.
Proposal 5: Compact DCI for NR URLLC should further reduce Timing, HARQ process, DAI, HARQ timing and PUCCH resource fields and include a configurable repetition field.
5. Reference
[1] 3GPP, RAN1#92, R1-1802001, On Need for PDCCH Repetitions, Samsung
[2] 3GPP, RAN1#92, R1-1801565, On PDCCH Repetition for URLLC, Ericsson
[3] 3GPP, RAN1#92, R1-1801666, On PDCCH repetition for URLLC, Mediatek Inc.
[4] 3GPP, RAN1#92, R1-1802423, On NR PDCCH repetitions for URLLC, Intel Corporation
[5] 3GPP, RAN1#92b, R1-1803802, Discussion on PDCCH repetition for URLLC, ZTE, Sanechips.
[6] 3GPP TS 38.212 f00, “Downlink control information”
[7] 3GPP TS 38.101 f00, “UE channel bandwidth”
[8] 3GPP TS 38.214 f00, “Physical uplink shared channel related procedure”
[9] 3GPP TS 36.213 f01, “Physical downlink shared channel related procedures”
[10] 3GPP, RAN1#92b, R1-1803800, Considerations on CQI /MCS table(s) and related aspects for URLLC, ZTE, Sanechips.
6. Annex
Simulation assumptions of figure A-1/A-2/A-3/A-4/A-5 are provided in Table A-1 of Annex.
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[bookmark: _Ref506561669]Figure A-1. PDCCH BLER, AL8 , 1OS,30 kHz SCS, TDL-C, 300ns.
[image: ]
Figure A-2PDCCH BLER, AL8 and AL16 , 3OS,30 kHz SCS, TDL-C, 300ns.
[image: ]
Figure A-3. PDCCH BLER, AL8 , 30 kHz SCS, DCI format size: 30 and 40 bits, TDL-A, 30ns.
[image: ]
Figure A-4. PDCCH BLER,  AL8 and AL16, 2OS,30 kHz SCS, TDL-A, 30ns.
[image: ]
Figure A-5. PDCCH BLER,  AL8 and AL16, 3OS,30 kHz SCS, TDL-A, 30ns.
Table A-1Simulation Assumptions
	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 
	20MHz
	

	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(R=3 for 3OS,others,R=2)
	

	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) 
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