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1. Introduction

In the TSG-RAN#80 plenary meeting, the scope of the new SID on physical layer enhancements for NR URLLC was defined for Release 16 (Rel16) [1]. In our companion contribution on PDCCH enhancements [2] we have evaluated the Rel15 performance when being applied on the use cases that are prioritized for Rel16. It was found that the support of multiple users in a cell, as it would be needed for the Transport Industry or for Electrical Power Distribution, is not efficiently supported due to PDCCH blocking. Therefore we propose in [2] to introduce a compact DCI with a lower payload size as this would reduce the number of required CCEs for PDCCH transmission. In this contribution, we provide the detailed design for compact DCI. 

2. Compact DCI format design
According to our analysis in [2], compact DCI format(s) that have a smaller DCI payload size than what is achievable with Rel15, e.g. 24bits, should be supported in NR in order to reduce PDCCH blocking and to improve the PDCCH reliability.
In the following, we provide design details for the DL and UL compact DCI format:
1) DL Compact DCI design
Header: In order to keep the number of blind detections low, it is desirable to design the DL and UL compact DCI with the same payload size. Therefore, 1 header bit could be used to distinguish them. 
Frequency domain resource allocation: Due to the tight latency and high reliability requirement, it is more favorable to allocate a larger bandwidth to URLLC, so that it can be transmitted in a timely manner with guaranteed reliability. In this case, the flexibility of resource allocation becomes less critical, and a much coarser frequency granularity can be adopted. Regarding the resource allocation type, a modified resource allocation type 1 can be considered where the smallest unit is based on RBG. The RBG table design for type 0 could be reused for the modified resource allocation type 1, and the configuration of the RBG size for type 0 could be reused, too. Then, the bit-field size of the frequency domain resource allocation is equal to
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. Assuming a bandwidth of 100RBs and a RBG size of 16 PRBs, then for the modified type 1 frequency domain RA, 5 bits are needed in this bit field of the DCI.
Time domain resource allocation: In Rel15, for the time domain resource allocation of the PDSCH, the DCI shall provide an index into a UE-specific table from which the K0, OFDM starting symbol and PDSCH duration as well as its mapping type are identified. The table is configured by RRC signaling and consists of up to 16 rows. For URLLC applications not all the possible time-domain resource allocations are feasible. Therefore, the configured time-domain resource allocation table can be smaller, i.e. 4 rows are sufficient. Not more than 2 bits are needed in the compact DCI for the PDSCH time domain resource allocation. 
In some cases, only one row is configured in the table by higher layer signalling, including the start and length indicator (SLIV). Thus, there are 0 bits available to indicate PDSCH position. For example, assume that the starting symbol is S =2 and the number of consecutive symbols is L =4. In R15, the slot boundary is used as the reference to determine the SLIV, which means the PDSCH could only be scheduled from symbol 2 to symbol 5. For a packet arriving at symbol 6, it could therefore not be transmitted until symbol 2 of next slot. This increases the waiting latency and degrades the URLLC performance. In order to improve the scheduling flexibility and to decrease the latency, using the boundary of the PDCCH region, such as PDCCH ending symbol or starting symbol, as reference point should be supported for the compact DCI.
Proposal 1: For compact DCI, the reference point for starting time of resource allocation PDSCH or PUSCH should be the starting or ending symbol of PDCCH.
HARQ process number, NDI, RV and MCS/TBS: Only one set of {NDI, HARQ process number, MCS} bit field is needed since that only one TB can be scheduled according to the agreement from RAN1#92. Considering that the SINR statistics for one UE may not cover a large value range [3], a UE-specific MCS indication with fewer number of bits can also be considered. In Rel15, for the HARQ process number, 4-bits are fixed both for the fallback DCI and for the non-fallback DCI. For URLLC, this is unnecessary and the number of bits can be set according to the number of HARQ processes that are configured by higher layer. Assuming that up to 8 HARQ processes are supported, 3 bits are enough in the compact DCI.
HARQ-ACK timing: It was agreed for Rel15 that 3 bits are used to indicate the K1 slot-timing in the normal DCI. For URLLC, a fast HARQ RTT is needed and 2 bits are sufficient. Another option would be to entirely remove the HARQ-ACK field and to let the A/N timing be implicitly indicated by the PDSCH location and the UE capability.
PUCCH resource allocation：In Rel15, it is agreed to use 3 bits to indicate 8 (up to 32) PUCCH resources. For URLLC, this is not needed and this field can be reduced. The starting symbol of the PUCCH can be implicitly indicated together with the HARQ-ACK timing. For the PUCCH resources with the same starting symbol, 1 bit indicator is enough to indicate the PUCCH resource.
TPC field: This field should be same as for DCI format 1_x for guaranteeing the reliability of PUCCH. 

Other DCI fields: In order to keep a concise DCI, other fields for the DCI formats 1_1 should be removed, such as carrier indicator, BWP indicator and rate matching indicator, etc. The information indicated by these fields could be either made configurable or could be fixed in the specification. 
A-CSI trigger: According to the analysis in [3], it is preferred that a 1-bit A-CSI trigger field can be included. 
Based on the above analysis, we have the following proposal for the DL compact DCI. 
Proposal 2: Consider the following DL compact DCI format for URLLC
	DCI field
	# bits

	Header
	1

	Frequency domain resource allocation
	5

	Time domain resource allocation
	2

	HARQ process
	3

	MCS
	4

	NDI
	1

	RV
	2

	HARQ-ACK
	2

	TPC
	2

	PUCCH resource
	1

	A-CSI
	1

	CRC
	24

	Total payload size
	48


2) UL Compact DCI design

Some common fields, such as header, frequency/time domain resource allocation, HARQ process number, NDI, RV, MCS/TBS, TPC command, can be designed using the same method as for the DL compact DCI. Considerations on other specific fields are provided below:

Frequency hopping flag: In order to increase the PDCCH reliability, frequency hopping should be supported, and 1-bit frequency hopping flag should be included in UL compact DCI.
Beta-offset indicator: In order to decrease the payload size of the compact DCI in UL, the beta-offset indicator should be removed, it can either be made configurable or could be fixed in specification.

Based on the above analysis, we have the following proposal for the UL compact DCI. 
Proposal 3: Consider the following UL compact DCI format for URLLC

	DCI field
	# bits

	Header
	1

	Frequency domain resource allocation
	5

	Time domain resource allocation
	2

	HARQ process
	3

	MCS
	4

	NDI
	1

	RV
	2

	Frequency hopping flag
	1

	TPC
	2

	CRC
	24

	Padding
	3

	Total payload size
	48


3. Conclusion
A compact DCI should be supported for URLLC in Rel16. It increases the PDCCH reliability and can be used to reduce the number of required CCEs, thus reduces PDCCH blocking. In this contribution, we provide our view on the compact DCI design for DL assignment and UL grant, we have the following proposals.
Proposal 1: For compact DCI, the reference point for starting time of resource allocation PDSCH or PUSCH should be the starting or ending symbol of PDCCH.
Proposal 2: Consider the following DL compact DCI format for URLLC

	DCI field
	# bits

	Header
	1

	Frequency domain resource allocation
	5

	Time domain resource allocation
	2

	HARQ process
	3

	MCS
	4

	NDI
	1

	RV
	2

	HARQ-ACK
	2

	TPC
	2

	PUCCH resource
	1

	A-CSI
	1

	CRC
	24

	Total payload size
	48


Proposal 3: Consider the following UL compact DCI format for URLLC

	DCI field
	# bits

	Header
	1

	Frequency domain resource allocation
	5

	Time domain resource allocation
	2

	HARQ process
	3

	MCS
	4

	NDI
	1

	RV
	2

	Frequency hopping flag
	1

	TPC
	2

	CRC
	24

	Padding
	3

	Total payload size
	48


References

[1] RP-181477, “New SID on Physical Layer Enhancements for NR URLLC”, TSG-RAN#80, La Jolla, US, June 11th – 14th, 2018
[2] R1-1809339, “PDCCH enhancements for URLLC”, Huawei, HiSilicon
[3] R1-1809343, “CSI enhancements for URLLC”, Huawei, HiSilicon
_1579696309.unknown

