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1 Introduction

The performance requirement of URLLC has been captured in [1], which is cited as following:

· Latency requirement: For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture. 
· Reliability requirement: 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 order to achieve the design target for URLLC, the PDCCH associated with URLLC should be carefully considered. At RAN#78, the scope for URLLC work in Rel-15 was endorsed in [2] and the following was agreed to be included:
· Study and specify if gains are identified 

· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data 

· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

In this contribution, we provide our views on the URLLC PDCCH focusing on the necessity of introducing a compact DCI format.
2 Discussion
2.1 Compact DCI for URLLC
As described in TR38.913, URLLC design target includes very critical requirements on latency and reliability. It is clear that the reliability depends on both control channel and data channel, i.e.  Pr = (1-Ec)*(1-Ed) if HARQ is not considered, where Pr is the probability of successful transmission, Ec is the PDCCH BLER and Ed is the PDSCH BLER. On the other hand, retransmission may be necessary if error occurs which increases the delay in turn. Obviously, the reliability of PDCCH is also a key factor if we want to realize the design target for URLLC.
It is straightforward that a lower effective coding rate could be achieved for the same aggregation level if a DCI payload size smaller than DCI format 0_0 and DCI format 1_0 is introduced. In [3], some evaluation results showing improvements in BLER performance by reducing payload size was presented, where it was shown that an additional 10 bits in DCI could induce at most about 1 dB performance loss at 1% BLER when small AL(e.g. aggregation level 2) with nRx=2 wherein TDL-a 30ns and 3 km/h speed is assumed. The benefit brought by lower coding rate shrinks with the aggregation level grows larger. In the following table, we take the DCI format 1_0 as an example. Some bit fields included in the current DCI formats 1_0 and 0_0 could be further optimized or completely removed as they are either not needed for URLLC or reduced functionality is sufficient. For example, a much coarser resource allocation may be sufficient for URLLC and a smaller MCS range can be considered. How much performance gain could be achieved by reducing bit fields to get a compact DCI depends on how many bits are necessary for URLLC scheduling. Based on the evaluation results provided in [3], at most 1 dB performance increment could be obtained if we can reduce 10 bits for the URLLC DCI compared to current DCI format 1_0 in the special case. 

	Bit fields of fallback DCI
	Bit length for each bit field
	Potential reduction

	Identifier for DCI formats 
	1bit
	

	Frequency domain resource assignment 
	[
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	Yes

	Time domain resource assignment 
	3 bits 
	

	VRB-to-PRB mapping 
	1 bit
	Yes

	Modulation and coding scheme 
	5 bits. 
	Yes

	New data indicator 
	1 bit
	

	Redundancy version
	2 bit
	

	HARQ process number
	4 bits
	Yes

	Downlink assignment index
	2 bits
	

	TPC command for scheduled PUCCH
	[2] bit
	

	PUCCH resource indicator 
	[2] bit
	Yes

	PDSCH-to-HARQ_feedback timing indicator 
	[3] bits
	Yes

	Total bits
	26+frequency domain RA
	


Proposal: Very compact DCI for URLLC could bring benefits at least from the perspective of BLER if decades of bits could be reduced compared to DCI format 0_0 and DCI format 1_0. Further study is necessary to determine the DCI content for URLLC.
2.2 Blind decoding reduction
At the RAN1#91 meeting [3], a maximum number of blind decodes a UE can perform per slot was agreed. For case 2, the tentative maximum number of blind decodes is shown in the following table, where X <=16 and Y<=8. For a URLLC capable only UE, the number of PDCCH candidates within each monitoring occasion may be sufficient, e.g. at least 4 PDCCH candidates can be assigned for each monitoring occasion if SCS equal to 15 kHz. However, the average number of blind decodes for each monitoring occasion may be a restrictive factor for a UE which support both eMBB and URLLC at the same time. Considering the maximum number of blind decodes is at most 44+X, the number of PDCCH candidates that can be assigned for each search space is significantly limited if additional DCI payload size is introduced, which will increase the blocking probability. 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]


Furthermore, a working assumption was achieved in the last meeting:[4]
Agreements:

For one carrier:

· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP

· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot

· At most 3 different DCI sizes are monitored per C-RNTI per slot

· Payload size for formats 0-1 and 1-1 may differ
For an eMBB and URLLC capable UE, if a compact DCI is introduced for URLLC, the number of DCI sizes which are monitored by the UE per slot will exceed the above limitation.

Proposal: Blind decoding reduction should be further considered together with the DCI payload size if UE can support eMBB and URLLC at the same time. Furthermore, the current working assumption achieved in the last meeting should also be revisited accordingly if a compact DCI is introduced for URLLC.
3 Conclusion
This contribution discussed the necessity of compact DCI format for NR URLLC and analyzed the possible impact on blind decoding, and the following proposals is proposed.
Proposal: Very compact DCI for URLLC could bring benefits at least from the perspective of BLER if decades of bits could be reduced compared to DCI format 0-0 and DCI format 1-0. Further study is necessary to determine the detail DCI content for URLLC.
Proposal: Blind decoding reduction should be further considered together with the DCI payload size if UE can support eMBB and URLLC at the same time. Furthermore, the current working assumption achieved in the last meeting should also be revisited accordingly if a compact DCI is introduced for URLLC.
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