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Introduction
[bookmark: OLE_LINK1]A general reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms in NR URLLC scenario. Considering ultra-reliability aspects of overall UL and DL HARQ transmissions, it would be more important to enhance reliability of PDCCH. A basic method to improve the reliability of PDCCH is compact DCI. In this contribution, compact DCI is analyzed. 
PDCCH/sPDCCH link level simulation
In addition to CRC bits, size of DCI format 0-0 and 1-0 is about 40 bits. Figure 1 show LLS result for BLER of DCI size 40 and 30bits. Simulation assumptions are provided in Annex. Figure 1 show that reduced size of 10 bits can achieve an improvement of 0.5-1 dB and a 3-4 dB improvement is required from BLER of 1e-2 to 1e-5. One repetition can achieve an improvement of 3dB. Although even higher aggregation can improve reliability, the AL=16 already occupy large bandwidth for 96 RBs in 1 symbol CORESET. Consequently, an improvement of 3-4dB can be achieved by combination of compact DCI (reduced size about 10bits) and one repetition. 
[image: ]
Figure 1. BLER performance of the information block length settings for aggregation level equal to 8 and 16
Proposal 1: A compact DCI for NR URLLC should be introduced to fulfill the reliability requirement.
Analysis on compact DCI
Reduced size of resource allocation, MCS and RV is analyzed in this section.
Analysis on resource allocation
[bookmark: OLE_LINK2]According to [1] and [2], type 1 resource allocation is approved in DCI format 0-0. According to [3], 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 the maximum number of RB in different system bandwidths of NR, resource allocations are analyzed in this section. Taking into account the supported of BWP sizes are not confirmed in specification, value of BWP size is taken as system bandwidth.  Payload of RA 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 [2], 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 [4], 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

	1
	

	2
	2
	2
	2
	2

	
	Payload of RA
	7
	9
	10
	11
	14

	2
	

	2
	4
	4
	8
	16

	
	Payload of RA
	7
	7
	8
	7
	8

	3
	

	4
	8
	8
	16
	32

	
	Payload of RA
	5
	5
	6
	5
	6



Resource allocation of DCI format 1-0 is similar with format 0-0. Consequently, reduced size of RA of 1-0 would be same when that is introduced.

Considering that the system capacity and scheduling flexibility, the recommended value of recommends can be from 2 to 8bits.
Analysis on MCS and RV
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, the indication of RV index will increase signaling overhead. Thus the number of RVs should be limited for some code rates. According to [5], reduced size of DCI is up to 3 bits when careful MCS&RV joint coding is introduced.
Observation 1: Taking into account the system capacity and scheduling flexibility, payload of DCI format 0-0 and 1-0 can reduce more than 10 bits by field of RA, MCS and RV.
Conclusion
According to the analysis given above, we have the following observations and proposals: 
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Observation 1: Taking into account the system capacity and scheduling flexibility, payload of DCI format 0-0 and 1-0 can reduce more than 10 bits by field of RA, MCS and RV.
Proposal 1: A compact DCI for NR URLLC should be introduced to fulfill the reliability requirement.
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Annex
Table A-1Simulation Assumptions for TDL-C300
	Parameter
	Value

	System bandwidth
	10 MHz

	Waveform
	OFDMA

	Numerology
	15 kHz

	Payload ( w/o CRC)
	30,40 bits

	Modulation scheme
	QPSK

	Tx-Rx antenna configuration
	2x2

	Transmit diversity scheme
	1-port per REGB precoder cycling

	Channel estimation
	1/4 DM-RS density, practical channel estimation (MMSE)

	Channel model
	TDL-C 300ns,Speed = 3kmph

	Number of REGs per CCE
	6

	Aggregation levels
	8,16

	REG bundle size
	6 REGs

	CORESET configuration
	1 symbol , 96 PRBs (i.e. PRB0,PRB1…PRB95)

	CCE-to-REG mapping
	Frequency first 

	Mapping scheme
	Non-Interleaving for CCE-to-REG mapping
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