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1. Introduction
This contribution discusses the reliability of URLLC DCI and the design of the URLLC compact DCI.
2. Discussion 
2.1 Reliability requirement
A general URLLC reliability requirement is defined in 38.913 [1] as follows:
Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
In addition to HARQ retransmission, single shot transmissions should also be supported for URLLC. To satisfy the URLLC reliability requirements, the target BLER of the DCI should be no larger than 10-5 in case of single shot transmission.
Observation 1: The target BLER of the DCI should be no larger than 10-5 in case of single shot URLLC transmission
2.2 DCI format design 
In NR Ad-Hoc [2] it is agreed that 
Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 

If DCI format 0_0 and 1_0 are used for URLLC scheduling, the payloads are too heavy for such high reliability of URLLC. It is common understanding that smaller size of DCI payload for a given AL helps increase the decoding probability and a compact DCI format is already agreed to be defined for URLLC. 
Proposal 1: A compact DCI should be designed for URLLC.
How to define the compact DCI should be further studied. In case of DCI format 0_0 and 0_1, the frequency resource allocation field takes quite a few of bits. How to reduce the frequency resource allocation field should be considered. The simplest way is to increase the scheduling granularity with DL/UL resource allocation type 0 or type 1, however, it may result in a waste of the frequency resource. With the same scheduling granularity, type 0 is the most flexible solution with the highest DCI payload while type 1 can reduce the DCI payload with the constraint that the allocated VRBs should be continuous. Type 1 is the most flexible solution with the constraint of the continuous VRB allocation. Table 1 lists the number of bits for type 1 in RA field with different scheduling granularity.
Table1. Number of bits for type 1 in RA field with different scheduling granularity
	　
	granularity(RBs)

	bandwidth(RB)
	1
	2
	4
	8

	52
	11
	9
	7
	5

	106
	13
	11
	9
	7

	216
	15
	13
	11
	9

	270
	16
	14
	12
	10



It can be seen in Table 1 that when the bandwidth is large the number of bits for type 1 in RA field may not be acceptable for a compact DCI even with a coarse granularity. Another disadvantage of type 1 is that it cannot fully use the bits for the resource allocation, in most of the cases, some of the combinations is not used because of the ceiling function. For example, when the granularity is 1 RB and the bandwidth is 44 RBs, 10 bits are needed for the type 1 resource allocation, however, 10 bits are also needed when the bandwidth is from 32 to 43RBs. In these cases, 10 bits are not fully used for the resource allocation indication. 
The TBS of eMBB traffic varies from a few bytes to more than 105 bytes. Therefore, both type 0 and type 1 provide such flexible solutions to satisfy the significant variation of TBS. Nevertheless, the TBS of URLLC traffic is usually quite small and does not have such a large range of variation. Type 0 and type 1 may not be the best solutions for URLLC frequency resource allocation even with a coarse granularity. A new frequency allocation type should be further studied considering the characteristics of URLLC traffic to reduce the DCI payload with fully utilization of the indication bits.
Proposal 2: A new frequency allocation type should be further studied for URLLC compact DCI design.
3. Conclusion
In this contribution, we present our view on the URLLC compact DCI design, based on the above discussion, we have the following proposal. 
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Proposal 1: A compact DCI should be designed for URLLC.
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