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1. Introduction
High-reliability services, e.g. URLLC require a much higher PDCCH reliability than eMBBs services. In this contribution, we will analyze on necessity and scheme of compact DCI for URLLC. In addition, some additional essential configurations are discussed to add in fallback DCI to meet URLLC requirement.
2. Necessity of compact DCI for URLLC
Since the URLLC transmission is required to achieve the 99.999% reliability, the reliability of one-shot PDCCH for URLLC should not lower than 99.999%. Therefore，enhancement on PDCCH reliability is necessary. 
To obtain the ultra-reliable transmission, one way is to limit the DCI payload to a much lower level than normal DCI, e.g. ≤20 bits. Another way is to transmit more redundancy bits by sacrificing spectral efficiency, such as higher aggregation levels and PDCCH repetition. But the latter solution may lead PDCCH blockage, so compact DCI for URLLC is preferred. In addition, some bitfields can be compressed or removed, which means compact DCI is feasible.
Proposal 1: Compact DCI for URLLC is benefit for PDCCH reliability and reduce PDCCH blockage.
3. Scheme of compact DCI for URLLC

In order to substantially reduce the DCI payload, two approaches can be considered: reduce number of bits of each bitfield and remove some bitfields. Due to considering compact DCI, we directly assume fallback DCI as baseline in the following discussion.
Frequency-domain RA bitfield [more than 10]bits
To reduce transmission latency, mini-slot is a typical configuration for URLLC. Due to time-domain resource shorten, frequency-domain resource usually enlarge. Therefore, frequency-domain resource of URLLC is usually larger than eMBB. 

For Type 0 RA, larger RBG size can be used for larger frequency-domain resource allocation, as shown in configuration2 in Table 1. 
Table 1 RBG size P
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	[1st Range of RBs]
	2
	4

	[2nd Range of RBs]
	4
	8

	[3rd Range of RBs]
	8
	16

	[4th Range of RBs]
	16
	32


For Type 1 RA, granularity of starting position and length can also be larger RBG size. Then length of bitfield for frequency-domain resource allocation can be compressed to log2 {(ceil(N/Granularity of Type 1 RA)+1)*ceil(N/Granularity of Type 1 RA)/2}.
Time domain resource allocation bitfield [X] bits: 
Currently, time domain resource allocation is provided by an index into a UE-specific table giving the K0, OFDM symbols, and PDSCH mapping type used for the PDSCH transmission. The table is configured by RRC signaling, and each table is of up to 16 rows. However, schedule granularity in time domain for URLLC is different from eMBB and URLLC usually applies smaller granularity due to ultra-low latency requirement. So URLLC can use less than 4 bits to indicate less than 16 rows, which are suitable for ultra-low latency requirement.
MCS  bitfield [5] bits

To meet reliability requirement of URLLC, robust MCS is usually configured. So MCS bitfield can be compressed to cover lower MCS only. For example, Only QPSK and 16 QAM can be configured.

PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator bitfield [5] bits

In addition, in some cases, HARQ-ACK is not necessary and PUCCH resource indicator bitfiled and PDSCH-to-HARQ_feedback timing indicator bitfield can be removed. One example is that HARQ-ACK feedback occasion exceeds latency requirement in some SFI configurations. Another example is that UE with large queuing delays does not have enough time to feedback HARQ-ACK or retransmission. 
Proposal 2:  For compact DCI for URLLC, Frequency/Time-domain RA bitfield and MCS bitfield can be compact and PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator bitfield can be removed in some cases. 
4. Compact DCI enhancement
Though small size DCI is benefit for reliability of PDCCH, some flexibility is necessary for URLLC. So it is suggested the following bitfields are included in compact DCI. Note that these bitfields are not included in fallback DCI.

BWP indicator bitfield[0-2]bits

To reduce transmission latency, URLLC is scheduled in BWP with larger SCS than eMBB. Moreover, due to URLLC applies smaller granularity of time resource allocation, Transmission bandwidth for URLLC is wider than eMBB. To solve transmission resource congestion, which may lead additional latency, BWP with wider bandwidth is more benefit for URLLC than eMBB. So flexible BWP configuration is necessary to adapt to dynamic schedule of URLLC and eMBB.
CSI request bitfield [0-6]bits
According to simulation results [1], aperiodic CSI report is benefit for system efficiency and can reduce system congestion, which leads additional latency for URLLC. So it is suggested to add CSI request bitfield for compact DCI, including PDSCH and PUSCH scheduling. Considering that aperiodic CSI is used for instantaneous feedback, smaller ReportTriggerSize is enough and is also benefit for reliability of PDCCH. 
Proposal 3:  For compact DCI for URLLC, BWP indicator and CSI request bitfields can be added to meet URLLC requirement.
· Flexible BWP indication is necessary to adapt to dynamic schedule of URLLC and eMBB.

· CSI request is benefit to reduce system congestion and increase URLLC UE capacity
5. Conclusions
In this contribution, we will develop an analysis on compact DCI design for URLLC. The relevant proposals include:
Proposal 1: Compact DCI for URLLC is benefit for PDCCH reliability and reduce PDCCH blockage.
Proposal 2:  For compact DCI for URLLC, Frequency/Time-domain RA bitfield and MCS bitfield can be compact and PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator bitfield can be removed in some cases. 
Proposal 3:  For compact DCI for URLLC, BWP indicator and CSI request bitfields can be added to meet URLLC requirement.
· Flexible BWP indication is necessary to adapt to dynamic schedule of URLLC and eMBB.

· CSI request is benefit to reduce system congestion and increase URLLC UE capacity
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