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This document summarizes the key issues relevant to agenda item 7.2.2 Study of necessity of a new DCI format based on the views expressed in the contributions listed in the Appendix.
Background
During NR SI phase, the following agreements were made on PDCCH for URLLC at RAN1 Adhoc #1701
· 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
Based on the previous agreement, aggregation level 16 was agreed to be supported for PDCCH where one of the motivation mentioned was to meet the high reliability requirement for URLLC. 
At RAN #78, the scope for URLLC work in Rel-15 was endorsed and the following was agreed
· 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
Summary of key issues
After reviewing the submitted contributions under AI 7.2.2, some key issues are summarized as follows
· Necessity of introducing a new DCI format(s)
· Number of bits reduction compared to DCI format 1_0 and DCI format 0_0 if a new format DCI format(s) is introduced
· Operating target BLER of PDCCH 
· How to avoid the increased complexity of blind detection if a new format DCI format(s) is introduced
Necessity of introducing a new DCI format(s)
Many companies have provided analysis on potential benefit of introducing a new DCI format that has a smaller DCI payload than DCI format 0_0 and DCI format 1_0. For a given amount of resources, using a smaller DCI size means that the code rate of DL control information can be lowered. This allows for robust transmission which is beneficial for achieving high reliability in URLLC, and also helps to improve DL control performance for URLLC UEs in poor coverage. 
Many companies have also provided link-level evaluations to show the performance benefit of introducing a new DCI format(s) that has a smaller DCI payload than DCI format 0_0 and DCI format 1_0. Assuming approximately 10 bits reduction compared to DCI format 0_0 and DCI format 1_0, the performance benefit is around 1dB for AL 16 and the gain is larger for lower ALs. 
Several companies have expressed concerns on the reduced scheduling flexibility due to coarser scheduling granularity and the potential increase of UE decoding/detection complexity. 
Observation 1: Majority have observed the potential performance benefit of introducing a new DCI format(s) that is smaller than DCI format 1_0 and DCI format 0_0. 
Proposal 1: A compact DCI format that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 is supported for URLLC.
· [bookmark: _GoBack]Support: vivo, Ericsson, ZTE, CATT, Fujitstu, SAMSUNG, Spreadtrum, OPPO, LGE, Sony, Intel, China Telecom, NTT DOCOMO, ATT, HW (15)
· Companies with some concerns: QC, MTK (2)
· No: Nokia (1)
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Number of bits reduction compared to DCI format 1_0 and DCI format 0_0 if a new format DCI format(s) is introduced
Regardless of the detailed DCI field for the new DCI format(s), many companies have proposed around 10~20 bits reduction compared to DCI format 1_0 and DCI format 0_0 as shown in Table 1 and Table 2.
Observation 2: Almost all companies are proposing the number of bits reduction compared to DCI format 1_0 and DCI format 0_0 is larger than 10 bits if a new DCI format is introduced.
Proposal 2:  Target at least 10 bits reduction compared to DCI format 1_0 and DCI format 0_0 for the new DCI format design.

	Company
	Reduction compared to DCI format 1_0 and DCI format 0_0

	HW
	>10bits

	E///
	>10bits

	vivo
	>10bits

	ZTE
	>10bits

	MTK
	>10bits

	CATT
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]>10bits

	Fujitsu
	>10bits? 

	Samsung
	>10bits

	SONY
	>10bits

	Intel 
	10 ~ 15bits

	NOKIA
	>10bits

	QC
	>10bits

	Spreadtrum
	>10bits



The proposed compact DCI(s) for DL assignment from all companies are listed as following:
 Table 1: Proposed compact DCI for DL 
	Proposed compact DCI for DL assignment
	HW
	vivo
	E///
	MTK
	CATT
	SONY
	Intel
	NTT DCM
	QC
	Spreadtrum

	Header/Identifier for DCI format
	1
	1
	1
	1
	1
	[1]
	1
	1
	1
	1

	Frequency-domain PDSCH resources
	5
	9
	8
	8-10
	
[]
	 5 for 100 RBs
	-
	4-10
	6
	>4

	Time-domain PDSCH resources
	2
	0-[2]
	2
	0-2
	3
	 1 or 2
	1~2
	2-3
	2
	0-2

	VRB-to-PRB mapping
	0
	0-[1]
	0
	0
	1
	1
	0
	0(Always enabled)
	1
	0

	Modulation and coding scheme 
	3
	2-[4]
	4
	4
	5
	 2 or 3
	2
	4
	3
	4

	New data indicator
	1
	0-[1]
	1
	1
	1
	1
	
	1
	1
	1

	Redundancy version
	2
	0-[1]
	1
	1
	2
	 1
	0
	1
	2
	2

	HARQ process number 
	3
	0-[3]
	2
	2
	3
	4
	-
	1-2
	2
	0-2

	Downlink Assignment Index 
	0
	0
	0
	0
	2
	2
	-
	0
	0
	0

	TPC command for PUCCH 
	2
	0-[2]
	0
	2
	[2]
	[2]
	-
	2
	2
	0-2

	PUCCH resource indicator
	2
	0-[2]
	2
	2
	[2]
	[2]
	-
	2
	2
	0-2

	PDSCH-to-HARQ feedback timing indicator
	2
	0-[1]
	0
	0
	[3]
	[3]
	1 -2
	3
	1
	0-2

	Number of information bits
	24
	12~[27]
	21
	21-25
	26+frequency domain RA
	
	
	<=24 bits
	23
	12-22

	RNTI / CRC
	24
	24
	24
	24
	
	
	
	24
	

	

	Total 
	48
	36-[51]
	45
	45-49
	
	
	
	(17-26) bits + [24] bits
	
	

	Reduction compared 
to DCI format 1_0
(about 63bits inc. CRC)
	~15bits
(>10bits)
	[12]~[27]
(>10bits)
	~18bits
(>10bits)
	14~18
(>10bits)
	>10bits
	
	
	
	
	~17bits


The proposed compact DCI(s) for UL assignment from all companies are listed as following:
Table 2: Proposed compact DCI for UL 
	Proposed compact DCI for DL assignment
	HW
	E///
	vivo
	Samsung
	SONY
	NTT DCM
	NOKIA
	Spreadtrum

	Header/Identifier for DCI format
	1
	1
	1
	yes
	[1]
	1
	1
	1

	Frequency-domain PUSCH resources
	5
	8
	9
	yes
	13 -> 5 for 100 RBs
	4-10
	2
	>4

	Time-domain PUSCH resources
	2
	2
	0-[2]
	no
	X -> 1 or 2
	2-4
	0
	0-2

	Frequency hopping flag
	1
	1
	0
	yes
	1
	0(Always enabled)
	1
	0 (fixed, FH)

	Modulation and coding scheme 
	2
	4
	2-[4]
	yes
	[5] -> 2 or 3
	4
	4
	4

	New data indicator
	1
	1
	0-[1]
	yes
	1
	1
	1
	1

	Redundancy version
	1
	1
	0-[1]
	yes
	[2] -> 1
	1
	2
	2

	HARQ process number 
	3
	2
	0-[3]
	yes
	[4]
	1-2
	2
	0-2

	TPC command for PUSCH 
	2
	0
	0-[2]
	yes/no
	[2]
	2
	2
	0-2

	UL/SUL indicator
	0
	0
	0
	yes/no
	1
	0
	0
	0 (fixed)

	Number of information bits
	18
	20
	12-[23]
	15 ~ 20 bits
	[1]
	<=24 bits
	15
	12-18

	RNTI / CRC
	24
	24
	24
	
	
	24
	24
	

	Number of information bits incl. CRC/RNTI
	42
	44
	36-[47]
	
	
	(17-26) bits + [24] bits
	
	

	Padding bits
	6
	1
	4
	
	
	
	39
	

	Total
	48
	45
	36-[51]
	
	
	
	
	

	Reduction compared 
to DCI format 0_0
(about 56bits inc. CRC)
	~14bits
(>10bits)
	~12bits
(>10bits)
	[9]~[20]
(>10bits)
	
	
	
	
	~15bits
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New DCI format(s) design
For the detailed DCI format design, many companies are proposing to start with DCI format 0_0 and DCI format 1_0 and remove or reduce the size of the DCI field therein.
Proposal 3-1: Only single transport block transmission is supported for URLLC in Rel-15.
Proposal 3-2: Consider the fallback DCI formats (DCI formats 0_0 and 1_0) as the starting points towards the design of compact DCI formats for DL and UL scheduling for URLLC.
· New fields or fields from non-fallback DCI formats may still be added to the new compact DCI format, if justified.
How to avoid the increased complexity of blind detection if a new format DCI format(s) is introduced
If a new format DCI format(s) is introduced, the UE complexity of blind detection needs to be considered so that the total number of blind detections does not increase too much. The UE capability supporting URLLC and eMBB simultaneously can be discussed further.
Proposal 4:  Discuss further how to avoid the increased complexity of blind detection including the following options 
· Option 1: The UE can be configured to monitor only compact DCI and fallback DCI to avoid increased blind decoding. (vivo, Ericsson)
· Option 2: The payload size of the new DCI format can be the same as the other DCI format when they are configured in the same search space set. (LGE)
· Other options are not precluded.

	Company
	View

	vivo
	UEs can be configured to monitor only compact DCI and fallback DCI to avoid increased blind decoding.   

	E///
	Introducing new DCI formats with different sizes can lead to an increase in blind decoding complexity in general. In case of compact DCI for URLLC, some pre-configuration can be done so that only specific UEs need to monitor the compact DCI. 
It is reasonable to assume that URLLC UEs are more capable UEs compared to those supporting only eMBB traffic and thus expected to have improved blind decoding capability. Nevertheless, to limit blind decoding complexity at URLLC UE, it is also possible to restrict the number of monitored DCI formats, e.g., by excluding formats that are less relevant for URLLC. For example, the new compact DCI can replace the current x_1 formats.

	CATT
	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.

	LGE
	Considering BD attempts handling, the payload size of compact DCI format can be the same as the payload size of other DCI format when they are configured in the same search space set.



Any comments?
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	Spreadtrum
	Considering the increased complexity ad BD number after a new compact DCI introduced, we prefer UE can be configured to monitor only fallback DCI and compact DCI, and not monitoring general DCI. 

	
	

	
	

	
	


Operating target BLER of PDCCH for URLLC
Several companies discussed the target BLER for PDCCH. In order to support single-shot transmissions, it was proposed that the operating target BLER for PDCCH should be smaller than 1e-5. If retransmissions or repetitions are allowed, the operating target BLER for PDCCH can be relaxed. 
Proposal 5: The operating BLER of PDCCH for URLLC should at least support a value that is smaller than 1e-5 to allow for single-shot transmission.
It is unclear whether there is any implications on the DCI format design.
	Company
	View

	HW
	 Although it is no doubt that a highly reliable PDCCH is needed for URLLC, it is unclear how reliable the PDCCH should be. A general observation is that the reliability of PDCCH for URLLC should be increased compared to PDCCH in LTE (1%). Moreover, it is necessary to support one-shot DL transmission without HARQ-ACK feedback even if it is not the best choice from spectrum efficiency point of view. Therefore, the most stringent operating BLER of PDCCH for URLLC should be smaller than 0.001%, e.g. assuming it is 10 times lower than the BLER target for PDSCH, it should be 0.0001%.

	vivo
	A URLLC packet transmission is required to achieve 99.999% reliability within the user plane latency bound. It was agreed that the target BLER of a compact DCI for URLLC should be lower than Y%. For example, the probability of error case for control and data transmission can be expressed as follows:
Prpacket = Prcontrol  +  (1 - Prcontrol) * Prdata <= 10-5
Assuming a one-shot transmission case, according to the above formula, the error probability of DL control should be less than 10-5.

	E///
	TR 38.913 [2] describes the reliability requirement for URLLC 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.”
According to the text, the reliability target is set for transmission of a “small data packet” with BLER <= 10-5. This BLER needs to be achieved at a certain channel quality (e.g. coverage edge). Therefore, the SINR at which this requirement needs to be met depends on the deployment in which the URLLC service is operated. 
Also, the requirement is set for “transmission of a packet”, i.e., there is no explicit target for individual L1 channels (e.g. PDCCH, PUCCH). However, individual channels should be reliable enough such that overall reliability for transmission of the packet is achieved.  For example, if we assume a single DL transmission, the following should be satisfied assuming independent error events for control and data transmissions. 
Pr(packet error) = Pr(DL control error) + Pr(data error | no DL control error)* Pr(no DL control error) ≤ 10-5
For this case, any UL control error (e.g. PUCCH to send ACK/NACK) generally does not affect reliability as long as the packet is correctly received by the UE. However, for cases with retransmissions, UL control needs to be taken into account along with DL data and control. Also, for retransmissions the reliability of the individual transmissions’ control and data can be relaxed according to the number of possible retransmission attempts. For example, assuming one retransmission, the following should be satisfied assuming independent error events for initial transmission and retransmissions
Pr(packet error) = Pr(1st tx error) * Pr(error in 2nd tx including possible feedback error) ≤ 10-5

	Spreadtrum Communications
	A general URLLC reliability requirement is defined in 38.913 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.

	OPPO
	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.

	SONY
	PDCCH with high reliability is one of the most important aspects for NR URLLC operation. If the reliability for PDCCH is not sufficient, it will impact not only the reliability of URLLC but also the low latency aspect. Although the reliability of NR PDCCH has been discussed in study item phase and it is still FFS, a target BLER of NR PDCCH should be under 10-5 since NR supports in TR 38.913 that 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.

	China Telecom
	The target BLER of PDCCH in LTE is 1%. Since the URLLC transmission is required to achieve the 99.999% reliability, the target BLER of PDCCH for URLLC should be lower than that in LTE. Both single shot and HARQ retransmission can be supported for URLLC. Therefore, the reliability of 99.999% for the single shot transmission of PDCCH for URLLC should be supported in NR.

	NTT DCM
	Assuming one-shot dynamic scheduling of a PDSCH, the overall requirement is Pc + (1Pc)*Pd =< 10-5, where Pc and Pd denote the miss-detection probability of PDCCH and BLER of the data, respectively. For example, the requirement can be met with Pc = 0.5*10-5 and Pd = 0.5*10-5, or when Pc = 0.2*10-5 and Pd = 0.8*10-5, etc. Note that sufficient length of CRC is needed so that sufficiently low false-alarm probability (e.g., 0.01*10-5) is ensured.
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Reference
R1-1801355	Compact DCI design for URLLC	Huawei, HiSilicon
R1-1802000	On Need for Additional DCI Format	Samsung
R1-1801548	Discussion on compact DCI for URLLC	vivo
R1-1801564	On Compact DCI for URLLC	Ericsson
R1-1801632	On new DCI format for URLLC	ZTE, Sanechips
R1-1801675	Analysis of Compact DCI	MediaTek Inc.
R1-1801749	Necessity of a compact DCI format for NR URLLC	CATT
R1-1801893	On compact DCI for URLLC	Fujitsu
R1-1802015	Discussion on compact DCI design for URLLC	Spreadtrum Communications
R1-1802119	Compact DCI for URLLC	Guangdong OPPO Mobile Telecom
R1-1802226	Discussion on compact DCI format design	LG Electronics
R1-1802260	Compact DCI for NR URLLC operation	Sony
R1-1802422	On compact DCI format for NR URLLC	Intel Corporation
R1-1802445	DCI format for URLLC	China Telecommunications
R1-1802494	Necessity of compact DCI	NTT DOCOMO, INC.
R1-1802547	Discussion on compact DCI for URLLC	Nokia, Nokia Shanghai Bell
R1-1802604	A compact DCI format for NR URLLC	AT&T
R1-1802852	Considerations on new DCI format	Qualcomm Incorporated

Appendix: Proposals in the summarized contributions
R1-1801355(Huawei)
Proposal 1: The operating BLER of PDCCH for URLLC should be smaller than 0.001% in order to support DL transmissions without HARQ-ACK feedback.
Proposal 2: Support a new DCI format(s) design that has a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data for URLLC.
Proposal 3: Consider the following DL compact DCI format for URLLC: 
	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	HARQ-ACK timing 
	TPC 
	PUCCH resource
	A-CQI
 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	3
	1
	2
	2
	2
	2
	1
	24
	48


Proposal 4: Consider the following UL compact DCI format for URLLC:
	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	Frequency hopping flag
	TPC 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	2
	1
	1
	1
	2
	24
	42


R1-1801548(vivo)
Proposal 1: Compact DCI is suggested for the reliable PDCCH transmission for URLLC.
Proposal 2: Resource allocation type 1 with a larger RBG size can be applied for frequency domain RA.
Proposal 3: Time domain resource assignment with 0-2bits indicates the starting symbol relative to the end of the CORESET. 
Proposal 4: For time domain resource assignment, the time offset of starting symbol of PUSCH relative to the CORESET where UL grant is monitored and the duration of PUSCH are indicated for a UE.
Proposal 5: Table 3 and table 4 are used for compact DCI design.
Table 3 compact DCI field for DL:
	Compact DCI for DL assignment
	Bits
	Comment

	Identifier for DCI formats
	1
	If DL and UL DCI have the different payload size, the field can be absent.

	Frequency domain resource assignment
	9
	When RBG size with 2 RBs, payload size is 9 bits assuming 50 RB bandwidth. 

	Time domain resource assignment
	0-[2]
	The starting symbol relative to the end of the CORESET can be considered. [2 bits]
If the starting symbol relative to the CORESET and duration are configured by RRC signaling, this field can be absent.[0 bit]

	VRB-to-PRB mapping
	0-[1]
	This field can achieve the distributed resource allocation. [1bit]
If mapping pattern is configured by RRC signaling, this field can be absent.[0 bit]

	Modulation and coding scheme 
	2-[4]
	Based on the lower modulation orders and code rates, the number of bits can be reduced. [2 bits]
FFS: whether to support the higher data rate. [4 bits]

	New data indicator
	0-[1]
	If multiple transmission with the same HARQ ID is only restricted in a window, this information can be implicitly obtained. In this case, this field can be absent.[0 bit]
Otherwise, 1bit is applied.[1 bit] 

	Redundancy version
	0-[1]
	The self-decodable RV sequence can be applied. [1 bit]
If RV sequence is configured by RRC signaling, this field can be absent.[0 bit]

	HARQ process number 
	0-[3]
	If 1 HARQ process ID is configured  by RRC signaling, this field is absent [0 bit]
Otherwise, up to 3bits is applied. [up to 3bits]  

	Downlink Assignment Index 
	0
	For FDD, this field is not required  

	TPC command for PUCCH 
	0-[2]
	If power control bases on open loop adjustment, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	PUCCH resource indicator
	0-[2]
	If a PUCCH resource is configured  by RRC signaling, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	PDSCH-to-HARQ feedback timing indicator
	0-[1]
	Only the lower latency scenario is considered. [1bit]
If the fixed n+k timing is configured  by RRC signaling, this field can be absent.[0 bit]

	RNTI and CRC
	24
	

	Total 
	36-[51]
	


Table 4 compact DCI field for UL:
	compact DCI for UL assignment
	Bits
	Comment

	Identifier for DCI formats
	1
	If DL and UL DCI have the different payload size, the field can be absent.

	Frequency domain resource assignment
	9
	When RBG size with 2 RBs, payload size is 9 bits assuming 50 RB bandwidth. 

	Time domain resource assignment
	0-[2]
	The starting symbol relative to the end of the CORESET can be considered. [2 bits]
If the starting symbol relative to the CORESET and duration are configured by RRC signaling, this field can be absent.[0 bit]

	Modulation and coding scheme 
	2-[4]
	Based on the lower modulation orders and code rates, the number of bits can be reduced. [2 bits]
FFS: whether to support the higher data rate. [4 bits]

	New data indicator
	0-[1]
	If multiple transmission with the same HARQ ID is only restricted in a window, this information can be implicitly obtained. In this case, this field can be absent.[0 bit]
Otherwise, 1bit is applied.[1 bit]

	Redundancy version
	0-[1]
	The self-decodable RV sequence can be applied. [1 bit]
If RV sequence is configured by RRC signaling, this field can be absent.[0 bit]

	HARQ process number 
	0-[3]
	If 1 HARQ process ID is configured  by RRC signaling, this field is absent [0 bit]
Otherwise, up to 3bits is applied. [up to 3bits]  

	TPC command for PUSCH 
	0-[2]
	If power control bases on open loop adjustment, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	RNTI and CRC
	24
	

	Total 
	36-[47]
	


R1-1801564(E///)
Observation 1:For single transmission case, BLER for DL control should be less than 10-5. The BLER requirement is more relaxed for the case with retransmissions.
Observation 2	:SINR at which the BLER requirement needs to be met depends on the deployment in which the URLLC service is operated.
Observation 3	:Using small DCI size lowers the code rate of PDCCH and thus provides some performance gain.
Observation 4	:If the total number of DCI bits including CRC is reduced by half, it is approximately equivalent to using one level of AL higher.
Observation 5	:Some fields in the general DCI are not relevant for URLLC and can be excluded. Examples include fields regarding MCS, NDI, and RV of the second transport block, CBG information, TCI, etc
Observation 6	:Some fields in the DCI can be shortened for URLLC services. Examples include MCS field (smaller MCS table with only low modulation orders and code rates), resource allocation fields in frequency domain (limited set of RBG sizes for different BWPs), antenna related field, etc.
Observation 7	:False alarm target equivalent to 21-bit CRC may lead to high overhead when considering small DCI size for URLLC. There exists a trade-off between low FAR and CRC overhead.

Proposal 1	Compact DCI should be considered using the fallback DCI as a starting point. It should be modified by excluding some unnecessary fields and shortening of some other fields.

Table1: Proposed compact DCI for DL assignment
	Proposed compact DCI for DL assignment
	Bits
	Comment

	Header/Identifier for DCI format
	1
	To indicate DL/UL DCI

	Frequency-domain PDSCH resources
	8
	Depending on BWP and RBG sizes. With coarser granularity of RBG, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.

	Time-domain PDSCH resources
	2
	

	VRB-to-PRB mapping
	0
	No need for dynamic change of the VRB mapping type, e.g., always using distributed mapping

	Modulation and coding scheme 
	4
	Limited set of MCSs relevant for URLLC (low modulation orders and code rates)

	New data indicator
	1
	

	Redundancy version
	1
	Limited set of RV sequences taking into account no. of retransmission allowed within latency limit.

	HARQ process number 
	2
	With faster HARQ round trip time, the number of processes can be limited. 

	Downlink Assignment Index 
	0
	Dynamic HARQ codebook may not be needed for URLLC, at least for FDD operation

	TPC command for PUCCH 
	0
	Can possibly be part of a separate message

	PUCCH resource indicator
	2
	

	PDSCH-to-HARQ feedback timing indicator
	0
	Fixed configuration of HARQ timing for low latency operation

	Number of information bits
	21
	

	RNTI / CRC
	24
	

	Number of information bits incl. CRC/RNTI
	45
	

	
	
	

	Total
	45
	



Table2: Proposed compact DCI for UL grant
	Proposed compact DCI for UL grant
	Bits
	Comment

	Header/Identifier for DCI format
	1
	To indicate DL/UL DCI

	Frequency-domain PUSCH resources
	8
	Depending on BWP and RBG sizes. With coarser granularity of RBG, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.

	Time-domain PUSCH resources
	2
	

	VRB-to-PRB mapping
	0
	No need for dynamic change of the VRB mapping type

	Frequency hopping flag
	1
	To control uplink frequency hopping

	Modulation and coding scheme 
	4
	Limited set of MCSs relevant for URLLC (low modulation orders and code rates)

	New data indicator
	1
	

	Redundancy version
	1
	Limited set of RV sequences taking into account no. of retransmission allowed within latency limit.

	HARQ process number 
	2
	With faster HARQ round trip time, the number of processes can be limited. 

	Downlink Assignment Index 
	0
	Dynamic HARQ codebook may not be needed for URLLC, at least for FDD operation

	TPC command for PUSCH 
	0
	Can possibly be part of a separate message

	Number of information bits
	20
	

	RNTI / CRC
	24
	

	Number of information bits incl. CRC/RNTI
	44
	

	Padding bits
	1
	

	Total
	45
	


Proposal 2	Consider compact DCI size with appropriate CRC overhead.
Proposal 3	Limit the number of blind decoding by configuring only specific UE to monitor compact DCI.
R1-1801632 (ZTE)
[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.
R1-1801675 (MTK)
Observation 1: A compact DCI payload size, including the CRC, can be smaller than the fallback DCI payload size by 19%-25%.
[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
	



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.
R1-1801749 (CATT)
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.
	Bit fields of fallback DCI
	Bit length for each bit field
	Potential reduction

	Identifier for DCI formats 
	1bit
	

	Frequency domain resource assignment 
	
[] bits
	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: 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.
R1-1801893 (Fujitstu)
Observation 1	:Size reduction of the following field can be considered for compact DCIs.
· MCS
· Frequency-domain and Time-domain resources
· HARQ process
· Redundancy version
· Downlink Assignment Index
· PUCCH resource indicator
· PDSCH-to-HARQ feedback timing indicator
Observation 2	:A compact DCI may contain some elements which are not included in a fallback DCI. Examples include indication of repetition and UL DAI.
Proposal 1 : Consider to generate compact DCI Formats based on size reduction of fallback DCI Formats plus minimum additional fields.
R1-1802000 (Samsung)
Proposal 1: Consider a new DCI format for URLLC with the minimal size to increase reliability 
Proposal 2: URLLC DCI format should include at least HARQ related parameters and frequency related parameters. 
Proposal 3: URLLC DCI format does not need to use at least time related parameters. 
Table 3. possible URLLC DCI format for UL/DL
	UL DCI field
	Importance
	DL DCI field

	Identifier for DCI formats
	High
	Identifier for DCI formats

	Frequency domain resource assignment
	
	Frequency domain resource assignment

	Frequency hopping flag
	
	VRB-to-PRB mapping

	Modulation and coding scheme
	
	Modulation and coding scheme

	New data indicator
	
	New data indicator

	Redundancy version
	
	Redundancy version

	HARQ process number
	
	HARQ process number

	TPC command for scheduled PUSCH
	Medium
	Downlink assignment index

	UL/SUL indicator
	
	TPC command for scheduled PUCCH

	
	
	PUCCH resource indicator

	Time domain resource assignment
	Low
	Time domain resource assignment

	
	
	PDSCH-to-HARQ_feedback timing indicator

	15 ~ 20 bits
	Expected total payload size
	15 ~ 20 bits


R1-1802015 (Spreadtrum Communications)
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]Observation 1: The target BLER of the DCI should be no larger than 10-5 in case of single shot URLLC transmission.
Proposal 1: A compact DCI should be designed for URLLC.
Proposal 2: A new frequency allocation type should be further studied for URLLC compact DCI design.
R1-1802119 (OPPO)
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
R1-1802226 (LGE)
Observation: Considering BLER requirement and feasibility of enhancement scheme, it is necessary to carefully investigate whether NR support compact DCI format or PDCCH repetition or both schemes. 
Proposal 1: For compact DCI format design, resource allocation type 1 is supported. The step size for the allocated frequency domain resources is the same as the interleaver bundle size for the interleaved VRB-to-PRB mapping. 
Proposal 2: For time domain resource allocation field in compact DCI,
· Each RA entry includes K0 or K2 the number of slot for cross-slot scheduling, mapping type, an entry to indicate starting OFDM symbol and duration.
· The starting OFDM symbol is used as an offset
· The time between the last OFDM symbol of a PDCCH and the corresponding PDSCH or PUSCH is defined as K0 (or K2) + starting symbol
· The duration indicates duration of PUSCH/PDSCH
Proposal 3: For compact DCI format design, possible MCS states can be restricted by higher layer signalling to reduce MCS field size. 
Proposal 4: For compact DCI format design, RV field size is reduced into 1 bit, and it is supported that 0 or 2 for possible RV value. 
Proposal 5: For compact DCI format design, maximum HARQ process number will be restricted, and the HARQ process number bit field size is reduced. 
Proposal 6: For compact DCI format design, both DAI field and PDSCH-to-HARQ feedback timing indicator field will not present. PDSCH-to-HARQ feedback timing is semi-statically configured. 
Proposal 7: Considering BD attempts handling, the payload size of compact DCI format can be the same as the payload size of other DCI format when they are configured in the same search space set. 
R1-1802260 (SONY)
Proposal 1: NR supports a compact DCI format for URLLC operation.
Proposal 2: RAN1 considers to reduce at least the following bit field for the compact DCI format.
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· Redundancy version
Table 3: Example of compact DCI format for PDSCH
	Field
	Size

	Identifier for DCI formats 
	[1]

	Frequency domain resource assignment  
	13 -> 5 for 100 RBs

	Time domain resource assignment 
	X -> 1 or 2

	VRB-to-PRB mapping 
	1

	Modulation and coding scheme
	5 -> 2 or 3

	New data indicator
	1

	Redundancy version
	2 -> 1

	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]



Table 4: Example of compact DCI format for PUSCH
	Field
	Size

	Identifier for DCI formats 
	[1]

	Frequency domain resource assignment  
	13 -> 5 for 100 RBs

	Time domain resource assignment 
	X -> 1 or 2

	Frequency hopping flag 
	1

	Modulation and coding scheme 
	[5] -> 2 or 3

	New data indicator 
	1

	Redundancy version 
	[2] -> 1

	HARQ process number 
	[4]

	TPC command for scheduled PUSCH 
	[2]

	UL/SUL indicator 
	1


R1-1802422 (Intel)
Observation 1: For the evaluated range of DCI format sizes, a DCI payload size reduction by about 15 bits provides SNR gains ranging from 1 dB to 1.5 dB.
Proposal 1: DCI payload size reduction should be considered further to realize meaningful link-level gains towards achieving URLLC targets for NR PDCCH.
· A DCI payload size reduction of around 10 – 15 bits should be targeted, subject to feasibility considering the impact on scheduling flexibility.
Observation 2: Considering relatively limited TBS values necessary for URLLC traffic, the impact from potential scheduling restrictions, as a result of DCI format size reduction, on overall support of URLLC and eMBB services can be expected to be quite limited.
Proposal 2: The maximum TBS for URLLC traffic should be limited to a rather small value.
· Exact value FFS.
Proposal 3: Consider the fallback DCI formats (DCI formats 0_0 and 1_0) as the starting points towards the design of compact DCI formats for DL and UL scheduling for URLLC.
· New fields or fields from non-fallback DCI formats may still be added to the new compact DCI format, if justified.
Proposal 4:DCI format size reduction should consider modifications to at least frequency and time domain RA fields, MCS, RV, VRB-to-PRB indicator, PDSCH-to-HARQ_feedback timing indicator, etc. to reduce their bit-widths. 
· A combination higher layer configuration and pre-defined rules can be assumed to facilitate such reduction in DCI payload size.
R1-1802445(China Telecom)
Proposal 1: A compact DCI that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data.
Table I proposed compact DCI for URLLC
	Fields
	Proposals

	Resource allocation in frequency domain
	Reduced

	Resource allocation in time domain
	Reduced

	Modulation and coding scheme
	Reduced for 1st TB; removed for 2nd TB

	Redundancy version
	Reduced for 1st TB; removed for 2nd TB

	HARQ process number
	Reduced

	Antenna ports
	Reduced

	Transmission Configuration Information
	Removed



Proposal 2:  Some fields in the DCI format 0-0 and DCI format 1-0 are not relevant for URLLC and can be removed, such as MCS/RV/NDI of the second transport block, TCI, etc. 
Proposal 3: Some fields in the DCI format 0-0 and DCI format 1-0 can be reduced, such as resource allocation, MCS/RV/NDI, HARQ process number, antenna ports, etc.
R1-1802494(NTT DCM)
Observation 1: Possible size of a compact DCI targeting URLLC is around 17 – 26 bits + CRC 24 bits.
· FH for uplink and distributed VRB-to-PRB mapping for downlink is assumed to be enabled always.
· Freq-RA field needs to be 4 – 10 bits. Resource allocation scheme needs to be considered.
· Better to keep time-RA field to be as large as possible, e.g., 3 bits.
· MCS field can be truncated, e.g., 4 bits.
· HPN field can be shortened, e.g., 1-2 bits, assuming full HARQ processes are not necessary.
· PUCCH resource and HARQ timing can jointly be encoded with 2 – 3 bits.
Observation 2: Observations from the Fig. 2 of simulation results are following:
· Compact DCI offers performance gain around 1-2 dB at BLER = 0.5*10-5. For smaller AL, the gain is larger.
· Operating SNR for PDCCH with AL=8 or 16 at BLER = 0.5*10-5 is lower than -3dB for both fallback DCI with 40 bits payload, and possible compact DCI with 15-30 bits payload.
Above is based on the assumption that the UE equips 4 Rx antennas. If 2 Rx antennas is assumed, 3 or more dB degradation is expected.
Table 1: DCI contents for fallback DCI format and compact DCI for URLLC
	DCI format
	Format 0_0
	Format 1_0
	Compact

	General
	Fallback UL grant
	Fallback DL assignment
	UL grant/DL assignment

	DCI format ID
	1 bit
	1 bit

	FH flag
	1 bit
	NA
	Always enabled for UL

	VRB-to-PRB mapping
	NA
	1 bit
	Always enabled for DL

	Freq-RA
	Maximum 16 bits for 275PRBs
	4-10 bits

	Time-RA
	[3] bits 
	2-3 bits

	MCS
	5 bits
	4 bits

	NDI
	1 bit
	1 bit

	RV
	2 bits
	1 bit

	HPN
	4 bits
	1-2 bits

	TPC command
	2 bits
	2 bits

	PUCCH resource indicator
	NA
	2 bits
	2-3 bits

	PDSCH-to-HARQ feedback timing indicator 
	NA
	3 bits
	

	CRC
	24 bits
	<=24 bits

	Total 
	64 bits
	(17-26) bits + [24] bits 


R1-1802547(NOKIA)
Observation 1: With AL=16, roughly 1 dB gain can be achieved with the compact DCI (39 bits vs. 57 bits including CRC) at BLER=10-4.
Observation 2: UL compact DCI can be designed based on DCI Format 0_0 as a starting point. For DL compact DCI, Format 1_0 can be the baseline. The modification can be implemented by removing unnecessary fields and shortening some fields.
Table 1 Example of compact DCI (based on Format 0_0)
	Fields in Format 0_0
	Value in bits [3]
	Proposed value in bits

	Identifier for DCI format
	1
	1

	Frequency domain resource assignment
(assumption: 20MHz with 100PRBs)
	13
	2

	Time domain resource assignment
	3
	0

	Frequency hopping flag
	1
	1

	Modulation and coding schemes
	5
	4

	New data indicator
	1
	1

	Redundancy version
	2
	2

	HARQ process number
	4
	2

	TPC command for scheduled PUSCH
	2
	2

	CRC
	24
	24

	Size
	56
	39



Proposal 1: Considering both the potential benefits and the resulted constraints from compact DCI, RAN1 should study more carefully different impacts due to compact DCI before specification work.
R1-1802604(ATT)
Proposal 1: To reduce the DCI payload, for the first transmission, RV is indicated using implicitly indication as part of NDI
Proposal 2: Joint encoding of NDI and RV is used to reduce the DCI payload
Proposal 3: Adaptive payload structure should be used for indicating RV 
Proposal 4: Indication of single state RV0 (HARQ-CC) or multiple state RV (HARQ-IR, RV0,1,2,3) is done using RRC signaling for reducing the payload of DCI 
R1-1802852(QC)
Observation 1: At least 20 bits are needed in the DL scheduling DCI for URLLC.  
Table 2 Compact DCI format consideration for DL scheduling
	DCI 
	Bits
	Description/Comments

	Header/Identifier for DCI format
	1
	DL/UL

	Frequency-domain PDSCH resources
	6
	May be further compressed for smaller BWP operations (assuming type 1 always).

	Time-domain PDSCH resources
	2
	

	VRB-to-PRB mapping
	1
	

	MCS 
	3
	The MCS table may be aggressively compressed to keep only relevant MCS candidates for URLLC

	New data indicator
	1
	

	Redundancy version
	2
	

	HARQ process number 
	2
	Reduced from 3 or 4 to 2 since URLLC has shorter HARQ processing timeline 

	Downlink Assignment Index 
	0
	

	TPC command for PUCCH 
	2
	 Needed to guarantee high reliability 

	ARI (A/N resource index)
	2
	

	HARQ timing indicator
	1
	Compress from 3 to 1 for low latency 

	Total
	23
	



Observation 2: Reducing the DCI size comes at the cost of reduced dynamic scheduling granularity and/or increased UE decoding/detection complexity. 
Observation 3: Reducing the DCI size from 30 to 20 bits (without CRC) may bring 0.5~0.8 dB performance gain for AL=4,8,16. 
Proposal 1: Fallback DCI should be used as a starting point for the new compact DCI design for URLLC.
Proposal 2: Study further the impact of reducing the DCI payload size on overall system performance, taking into account the reduced scheduling granularity and increased UE decoding/detection complexity.
Proposal 3: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (type 2 ULGF transmission) for URLLC.
Proposal 4: NR should consider additional control information to be embed in the DMRS associated with the PDSCH as part of compact DCI design.
Appendix 2: Past meeting agreement on DCI format 0-0 and DCI format 1-0
Table 1. Field for DCI format 0_0
	Field for Format 0_0
	Size (bits)

	Identifier for DCI formats
	[1]

	Frequency domain resource assignment
	[image: ]

	Time domain resource assignment
	X

	Frequency hopping flag
	1

	Modulation and coding scheme
	[5]

	New data indicator
	1

	Redundancy version
	[2]

	HARQ process number
	[4]

	TPC command for scheduled PUSCH
	[2]

	UL/SUL indicator
	0, 1

	Total payload size
	[30]~ [37]



Table 2. Field for DCI format 1_0
	Field for Format 1_0
	Size (bits)

	Identifier for DCI formats
	[1]

	Frequency domain resource assignment
	


	Time domain resource assignment
	X

	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]

	Total payload size
	[38] ~ [45]
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