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1 Introduction

In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [1]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.
Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.
In current specification [2], the contents of DCI format 7-0A/0B/1A/1B/1C/1D/1E/1F/1G used for the scheduling of PUSCH/PDSCH with slot or subslot duration are summarized in the following tables.

Table 1. Contents of DCI format 7-0A/0B
	Contents
	Number of bits
	Notes

	Flag for DL/UL differentiation
	1
	

	Resource allocation
	5~9
	Depends on bandwidth

	MCS
	5
	

	HARQ process number
	4
	

	NDI
	1
	

	RV
	2
	

	TPC command
	2
	

	DMRS position indicator
	2
	only if UE is configured with dl-TTI-Length=subslot)

	Cyclic shift for DMRS and IFDMA configuration
	1
	

	UL index
	2
	

	DAI
	2
	

	CSI request
	1~3
	

	SRS request
	0~2
	Only for TDD

	Beta offset indicator
	1
	

	Cyclic Shift Field mapping table for DMRS
	1
	

	MIMO-related 
	0~6
	Depends on TM

	CRC
	16
	

	Total
	46~60
	


Table 2. Contents of DCI format 7-1A
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	

	Resource allocation
	4~9
	Depends on bandwidth and RA type

	MCS
	5
	

	HARQ process number
	4
	

	NDI
	1
	

	RV
	2
	

	TPC command
	2
	

	DMRS position indicator
	1
	only if UE is configured with dl-TTI-Length=subslot)

	DAI
	0/2/4
	

	SRS request
	0 or 1
	Only for TDD

	Used/Unused SPDCCH 

resource indication
	2
	Configured by higher layers

	ARI
	2
	

	MIMO-related 
	0~6
	Depends on TM

	CRC
	16
	

	Total
	40~56
	


According to the email discussion after RAN #91 meeting [3], all the companies agree that compact DCI should be studied and specified. In this contribution, we provide our view on compact DCI design, including the formats, contents and size of each field.
2 Compact DCI formats for URLLC 

Since the HARQ-based retransmission achieve the 10 ms latency requirement but cannot achieve the 1 ms requirement per observations from simulation results [4], the HARQ feedback-related fields, e.g., HARQ process ID, DAI, ARI and TPC command in DL assignment are unnecessary for at least the requirement of (10-5, 1ms). Such a compact DCI (called super compact DCI, SC-DCI) design applies to the requirement of (10-4, 10ms) as well in principle. 
However, HARQ-based retransmission which can fulfil the requirement of (10-4, 10ms) leads to the DCI format which could include HARQ process ID, DAI, ARI and TPC command. Therefore, another compact DCI which is different from SC-DCI could be considered for the requirement of (10-4, 10ms), so that two sets of compact DCI formats with different contents and payload sizes are considered for 1 and 10 ms latency as following, respectively. 
1. DCI format 8-0 used for A-CSI triggering and/or SPS validation for requirement of (10-5, 1ms);
Note that requirement of (10-5, 1ms) implies HARQ-less for PDSCH and grant free uplink transmission per the observations from simulation results [4]. Therefore, this DCI format is not used for the scheduling of PUSCH, and only for A-CSI triggering and/or SPS validation.
2. DCI format 8-1 used for the scheduling of PDSCH for requirement of (10-5, 1ms);

3. DCI format 8-2 used for the scheduling of PDSCH for requirement of (10-4, 10ms);

4. DCI format 8-3 used for the scheduling of PUSCH for requirement of (10-4, 10ms).
If the number of PDCCH blind decoding attempts is a concern, then one format for UL grant and the other for DL assignment in each set can be padded to the same size. 
3 Contents of DCI formats for URLLC
We consider DCI format 7-0A and 7-1A shown in introduction as baseline for compact DCI design for URLLC. In the following section, we will discuss whether each field should be included or excluded in compact DCI.
3.1 Flag for DL/UL differentiation
Although 1ms latency requirement cannot be achieved by grant-based UL transmission [4], UL grant is for A-CSI triggering or SPS validation [5]. Besides the DCI format for DL assignment, the DCI format for UL grant (e.g., for A-CSI trigger or SPS validation with 1ms latency requirement, and for PUSCH scheduling for 10 ms latency requirement) can be considered. One bit flag or header is used for DL/UL differentiation in compact DCI if needed.
3.2 Resource allocation
In sTTI systems, the sRBG size for DL resource allocation type 0/2 and UL resource allocation type 0 are defined as the following table for both subslot and slot duration. 
Table 3. Granularity of resource allocation for subslot duration
	RAT
	sRBG size
	Description

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	DL Type 0 based
	6
	6
	12
	12
	Indicates non-contiguous RBGs by a bitmap.

	DL Type 2 based
	4
	6
	4
	4
	Indicates contiguous RBs.

	UL Type 0 based
	4
	4
	4
	4
	Indicates contiguous RBs.


In general, three options can be considered for payload size reduction of resource allocation with both of 1 ms and 10 ms latency requirements.

Opt 1: Increasing RBG size
Considering URLLC backward compatibility with sTTI, the granularity of URLLC resource allocation should be equal or multiple to that of sTTI. Apparently, RBG size or the granularity of resource allocation increasing a multiple fold can decrease the payload size of resource allocation, but the flexibility of scheduling is also seriously restricted. Therefore, increasing sRBG size is unfavorable for URLLC.

Proposal 1: Increasing sRBG size is not supported for URLLC.
Opt 2: Restricting the number of allocated RBG
In current resource allocation type 0 and 2 for subslot duration, from one to 
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 RBGs can be allocated to a certain UE. If a restriction on the number of allocated RBGs is applied, e.g., this UE can be only allocated with e.g., odd or even number of RBGs, then only half of the resource allocation schemes are still feasible, which can have 1 bit saving for resource allocation field. Moreover, more restrictions may save more than 1 bit.
Opt 3: Predefined pattern for resource allocation
In current resource allocation type 0, non-contiguous RBGs can be allocated to a certain UE to obtain the frequency selective gain. However, this selective gain decreases with the number of allocated RBG (as an extreme case, no selective gain exists if all RBGs are allocated to one UE) increases. Thus, when the number of allocated RBGs is larger than or equal to a certain number, e.g., half of bandwidth, resource allocation by a bitmap substituted by indicating one of multiple predefined patterns which are designed to be with large frequency diversity gain can reduce RA size. 
In this option, a set of patterns is configured by high layer signaling and DCI is used to indicate the index of the patterns for scheduling, so that the RA size depends on the maximum number of patterns that is configured.
In the following table, the bit number of resource allocation field for the above three options is shown.
Table 3. The bit number of resource allocation field for the above three options 
	
	Description
	Bit number of resource allocation field

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Current sTTI
	DL RA type 0 as baseline
	4
	8
	6
	8

	Option 1
	Double RBG size
	2
	4
	3
	4

	Option 2
	Only one RBG or all of RBGs 

can be allocated 
	3
	4
	3
	4

	
	Odd/even number of RBGs
	3 
	7
	5
	7

	Option 3
	DCI indicates one pattern from a configured set
	Depending on the max. number of patterns configured 


Comparing the three options above, option 3 might be a good tradeoff between RA size reduction and scheduling flexibility. 
Proposal 2: To reduce the payload size of resource allocation, configuring the UE-specific RA patterns by high layer is considered.
3.3 MCS 

As discussed in [6], compact DCI with small payload size is beneficial for URLLC transmission which can increase the reliability of DCI.  Reducing the size of MCS filed in DCI is one way for compact DCI with small size. Generally, UEs at different geometry will experience different channel conditions. The channel condition will also be affected by a number of other factors, e.g., antenna configurations. Therefore, it is possible to configure a UE-specific MCS table by high layer signaling. In addition, the UE-specific MCS able with joint index encoding of MCS and repetition is proposed in [6] as well. 
Proposal 3: The size of MCS field in compact DCI for URLLC is reduced to e.g., 4 bits by configuring a UE-specific MCS table with joint index encoding of MCS and repetition number.

3.4 HARQ-related field
· For 1ms latency requirement

Since current HARQ-based DL transmission cannot achieve 1ms latency requirement [4], HARQ-ACK feedback is unnecessary and the 10-5 reliability is implemented by PDSCH repetition. Therefore, TPC command and ARI fields are removed from compact DCI. 

According to the agreement on sTTI, UE may not receive multiple sPDSCHs simultaneously depending on UE capability. Similarly, when PDSCH repetition is transmitted for URLLC, depending on UE capability UE may not receive multiple subslot duration PDSCH simultaneously. Therefore, in such a case, multiple PDSCHs with repetition will be transmitted in sequence as shown in Figure 1. Then the UE does not need to distinguish the HARQ process number. Instead, UE only needs to distinguish whether the TB transmitted in the subslot is same or different with the last one, so that the HARQ process number becomes unnecessary and is removed from compact DCI. Similarly, other HARQ-related field, e.g., DAI is also removed. 
Furthermore, for supporting two different TBs received in continuous sTTI, UEs may have more than one soft buffer for reception up to UE implementation.  
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Figure 1. Illustration of PDSCH repetition for URLLC
Proposal 4: The following HARQ-related field are removed from compact DCI: HARQ process number, RV, DAI, TPC command, ARI.

· For 10 ms latency requirement

Because HARQ-based transmission is helpful for spectral efficiency, the HARQ-related fields are retained in the compact DCI with 10 ms latency requirement.

3.5 Repetition indicator
The repetition indicator in compact DCI is discussed in details in [7]. The proposal regarding repetition indicator can be summarized as follows.

Proposal 5: Either retaining the NDI or replacing NDI with repetition indicator can be considered in compact DCI.
3.6 MIMO-related field

In DCI format 7-0B/1C, up to 6 bits are used to indicate the transmitted codebook index, by which one to four layers transmissions are supported for each UE. However, the typical packet size for URLLC traffic is small, which leads to a single TB transmitted by 1 layer (including multiple layer with transmit diversity) in general. Therefore, the codebook index corresponding to multiple layers transmission can be removed from the precoding information table to further reduce the payload size of MIMO-related field. Then, some squeezed precoding information table is used to indicate 1 layer transmission codebook index in compact DCI. The following two tables for DL and UL precoding information indication save 1(opt1.)~2(opt.2) bits comparing to that in DCI format 7-0B/1C.
Table 5. Precoding information in DCI format 8-1 and 8-2 (PDSCH scheduling) for 4 antenna ports, opt 1
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	…
	…

	16
	1 layer: TPMI=15

	17
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	18~31
	Reserved


Table 6. Precoding information in DCI format 8-1 and 8-2 (PDSCH scheduling) for 4 antenna ports, opt 2
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	…
	…

	12
	1 layer: TPMI=11

	13
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	14~15
	reserved


Table 7. Precoding information in DCI format 8-3 (PUSCH scheduling) for 4 antenna ports, opt 1
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	…
	…

	23
	1 layer: TPMI=23

	24-31
	reserved


Table 8. Precoding information in DCI format 8-3 (PUSCH scheduling) for 4 antenna ports, opt 2
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	…
	…

	16
	1 layer: TPMI=16


Proposal 6: Squeezed precoding information table only with 1 layer transmission codebook index is supported in compact DCI.
3.7 Others
DMRS position indicator, Used/Unused SPDCCH resource indication:
These fields are retained in compact DCI for guaranteeing the system integrity and reliability of PDSCH.
SRS request:

SRS request is less necessary for FDD and can be removed from compact DCI to meet the URLLC requirements per observations in [4].
4 Summary

From the discussion above, examples of compact DCI are given in the following tables
Table 6. Contents of DCI format 8-0 (A-CSI trigger and SPS activation with 1 ms latency requirement)
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	If needed

	Resource allocation
	4~8
	1 bit reduction compared to DCI format 7-0A/0B

	MCS or CSI request
	4
	1st bit of this field indicates MCS or A-CSI

	CRC
	16
	

	Total
	27
	On average


Note: Zeros shall be appended to format 8-0 until the payload size equals that of format 8-1 if needed.
Table 7. Contents of DCI format 8-1 (PDSCH scheduling with 1 ms latency requirement)
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	If needed

	Resource allocation
	3~7
	1 bit reduction compared to DL RA type 0 

	MCS
	4
	

	Repetition indicator
	1~2
	Indicate the number of repetition

	DMRS position indicator
	1
	only if UE is configured with dl-TTI-Length=subslot)

	Used/Unused SPDCCH 

resource indication
	0~2
	Configured by higher layers

	MIMO-related 
	0~5
	Depends on TM

	CRC
	16
	

	Total
	32
	On average


Table 8. Contents of DCI format 8-2 (PDSCH scheduling with 10 ms latency requirement)
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	If needed

	Resource allocation
	3~7
	1 bit reduction compared to DL RA type 0

	MCS
	4
	

	HARQ process number
	4
	

	NDI
	1
	

	RV
	2
	

	TPC command
	2
	

	DMRS position indicator
	1
	only if UE is configured with dl-TTI-Length=subslot)

	DAI
	0/2/4
	

	Used/Unused SPDCCH 

resource indication
	0~2
	Configured by higher layers

	ARI
	2
	

	MIMO-related 
	0~5
	Depends on TM

	CRC
	16
	

	Total
	36~51
	


Table 9. Contents of DCI format 8-3 (PUSCH scheduling with 10 ms latency requirement)
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	If needed

	Resource allocation
	4~8
	1 bit reduction compared to DCI format 7-0A/0B

	MCS
	4
	

	HARQ process number
	4
	

	NDI
	1
	

	RV
	2
	

	TPC command
	2
	

	DMRS position indicator
	2
	only if UE is configured with dl-TTI-Length=subslot)

	Cyclic shift for DMRS and IFDMA configuration
	1
	

	UL index
	2
	

	DAI
	2
	

	CSI request
	1~3
	

	Beta offset indicator
	1
	

	Cyclic Shift Field mapping table for DMRS
	1
	

	MIMO-related 
	0~5
	Depends on TM

	CRC
	16
	

	Total
	44~55
	


5 Conclusions
In this contribution, we have the following proposals on reliability:
Proposal 1: Increasing sRBG size is not supported for URLLC.
Proposal 2: To reduce the payload size of resource allocation, configuring the UE-specific RA patterns by high layer is considered.
Proposal 3: The size of MCS field in compact DCI for URLLC is reduced to e.g., 4 bits by configuring a UE-specific MCS table with joint index encoding of MCS and repetition number.

Proposal 4: The following HARQ-related field are removed from compact DCI: HARQ process number, RV, DAI, TPC command, ARI.

Proposal 5: Either retaining the NDI or replacing NDI with repetition indicator can be considered in compact DCI.
Proposal 6: Squeezed precoding information table only with 1 layer transmission codebook index is supported in compact DCI.
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