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Introduction
One of the NR work item [1] objectives for URLLC is:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
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 [2]. For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.
In RAN#78 meeting, the following agreements were made [3]:
	Proposed scope in RAN1:
· Specify, CQI table and MCS table design targeting high reliability
· Based on the following identified need from RAN1 (RAN1 #90bis)
· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
· 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
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 



In this contribution, we discuss and provide proposals on the compact DCI for URLLC in NR.
Discussion
As mentioned above in the proposed scope of RAN1, a new DCI format that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 should be studied to see if there is a gain in utilizing such compact DCI for URLLC services. Using smaller DCI size will lower the effective code rate of the DL control, which should enhance the reliability of the PDCCH. Considering that the fallback DCI (DCI formats 0_0 and 1_0), relatively, has small payload size, it is logical to use it as starting point. Table 1 shows the details of the fallback DCI fields based on the current specifications [4].
[bookmark: _Ref506566305]Table 1: Fallback DCI fields.
	Fallback DCI fields
	Bits

	Identifier for DCI formats
	1

	Frequency domain resource assignment
	9-16 ( ranges between 24 and 275)

	Time-domain PDSCH resources
	0-2

	VRB-to-PRB mapping
	1

	Modulation and coding scheme 
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number 
	4

	Downlink assignment index
	2

	TPC command for scheduled PUCCH
	2

	PUCCH resource indicator
	2

	PDSCH-to-HARQ feedback timing indicator
	3

	Payload size
	32-41

	CRC
	24

	Payload size including CRC
	56-65



For URLLC, some of the fields can be removed as they either not essential or can be fixed to predefined values. Also, some of the field
· Some fields can be fixed to a pre-defined value, such as ‘VRB-to-PRB mapping’ and ‘PDSCH-to-HARQ feedback timing indicator’, and they can be removed from the DCI.
· The granularity of the frequency domain resource allocations can be reduced, which results in less number of bits to indicate the allocation
· High modulation and coding values are not expected to be used for URLLC traffic due to the high reliability requirement (BLER target of 10-5). A 4-bit MCS table with 16 entries is sufficient, as discussed in [5].
· [bookmark: _GoBack]Redundancy version: given the required low latency, the possible number of HARQ retransmissions will be low compared to eMBB service. Thus, the redundancy version field’s size can be reduced.
· HARQ process number: Similarly, due to the low latency requirements, the HARQ round trip time will be shorter, and the total number of HARQ processes can be reduced.
An example of posable reductions for the fallback DCI are listed in Table 2. As the table shows the fallback DCI size can be reduced by about 32-41%. However, when considering the CRC, the reduction will between 19% and 25%. This is due to the fact that the CRC size is relatively comparable to the fallback DCI.
[bookmark: _Ref506568689]Table 2: Compact DCI fields.
	Compact DCI fields
	Bits
	Justification 

	Identifier for DCI formats
	1
	

	Frequency domain resource assignment
	8-10
	Coarser granularity in the resource allocation

	Time-domain PDSCH resources
	0-2
	

	VRB-to-PRB mapping
	0
	Fixed configuration (enable or disabled)

	Modulation and coding scheme 
	4
	High modulation orders are not required

	New data indicator
	1
	

	Redundancy version
	1
	Limited #of possible 

	HARQ process number 
	2
	Short HARQ round trip time in URLLC

	Downlink assignment index
	0
	Not essential for URLLC

	TPC command for scheduled PUCCH
	2
	

	PUCCH resource indicator
	2
	

	PDSCH-to-HARQ feedback timing indicator
	0
	Fixed configuration

	Payload size
	21-25
	

	CRC
	24
	

	Payload size including CRC
	45-49
	



Observation 1: A compact DCI payload size, including the CRC, can be smaller than the fallback DCI payload size by 19%-25%.
Table 3 shows the effective code rates comparison between the compact DCI and fallback DCI for different payload sizes and aggregation levels (AL), when assuming 144 bit per CCE and 25% DMRS overhead. The performance gain from the achieved lower coding gain need to evaluated using numerical simulations. Introducing another DCI format (i.e. the compact DCI) need to be justified due to the increased complexity of blind detection. The increased complexity of blind detection should be taken into considerations when evaluating the advantages and disadvantages of introducing the new compact DCI.
[bookmark: _Ref506569585]Table 3: Effective code rates comparison between the compact DCI and fallback DCI.
	Payload size (bits)
	AL1
	AL2
	AL4
	AL8
	AL16

	21 (Compact DCI)
	0.416
	0.208
	0.104
	0.052
	0.026

	32 (fallback DCI)
	0.518
	0.259
	0.129
	0.064
	0.032

	25 (Compact DCI)
	0.453
	0.226
	0.113
	0.056
	0.028

	41 (fallback DCI)
	0.601
	0.300
	0.150
	0.075
	0.037



Proposal 1: Simulations should be conducted to assess the gains of a compact DCI comparing to the currently defined scheduling DCIs in NR.
Proposal 2: The increased complexity of blind detection by having a new DCI format should be taken into account when evaluating the advantage of the compact DCI.
Conclusion
In this contribution, we mainly discuss the compact DCI for URLLC, we have the following observation and proposals:
Observation 1: A compact DCI payload size, including the CRC, can be smaller than the fallback DCI payload size by 19%-25%.
Proposal 1: Simulations should be conducted to assess the gains of a compact DCI comparing to the currently defined scheduling DCIs in NR.
Proposal 2: The increased complexity of blind detection by having a new DCI format should be taken into account when evaluating the advantage of the compact DCI.
References
[1] [bookmark: _Ref506552988]RP-170847, “New WID on New Radio Access Technology”, NTT DOCOMO.
[2] [bookmark: _Ref506552998]Rel-14 TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”, RAN#74, December 2016.
[3] [bookmark: _Ref506572380]RP-172817 “NR High-Reliability URLLC scope for RAN1/RAN2”, Ericsson, RAN #78, December, 2017
[4] [bookmark: _Ref506572048]3GPP TS 38.212: “NR; Multiplexing and channel coding”, V15.0.0 (2017-12)
[5] [bookmark: _Ref506567318]R1-1801676, “MCS and CQI Tables design for URLLC”, MediaTek, RAN1#92, February 2018
