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Introduction
Work item of “Physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)” was approved to be studied and specified as the WI in RAN#83. Some PDCCH enhancements need to be supported in this work item [1].
· Specification of PDCCH enhancements [RAN1]
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.

In this contribution, we provide our considerations on PDCCH enhancements for URLLC, including DCI format(s) and increased PDCCH monitoring capability. 
Discussion
DCI format(s) for URLLC
Following agreements regarding DCI format(s) scheduling Rel-16 NR URLLC were reached in the last meeting [2]. 
Agreements:
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15
DL DCI format(s) scheduling Rel-16 NR URLLC should include following fields in DCI format 1_0,
Header: 1 bit to distinguish from UL DCI formats for URLLC.
Frequency domain resource allocation: larger RBG can be used to reduce its bit width.
Time domain resource allocation: 0-2 bits, for URLLC mini-slot scheduling, the starting symbol should be defined with respect to the responding DCI to reduce the size of DCI payload.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]VRB-to-PRB mapping: 0-1 bit.
HARQ process: 1-2 bits, considering the 1ms time boundary of URLLC traffic, there will not be too many URLLC HARQ processes at the same time, 2 or 4 processes will be enough for URLLC traffic.
MCS: 5 bits.
RV: 0-1 bit, considering the low data rate of URLLC, IR gain will not be evident.
NDI: 1 bit.
HARQ-ACK timing: 0-2 bits, K1 can be indicated in number of sub-slots instead of slots for URLLC traffic.
TPC: 2 bits.
ARI: 0-2 bits
The total number of bits for DL DCI format(s) scheduling Rel-16 NR URLLC should be in the range of 16-29 bits.
For UL DCI format(s) scheduling Rel-16 NR URLLC, HARQ-ACK timing, VRB-to-PRB mapping and ARI fields are not necessary but 1 bit frequency hopping flag field is necessary. The reduced bit width for each field listed in Table 1 can be considered for further study.
Table 1: DCI formats scheduling Rel-16 NR URLLC
	DCI format
	DL
	UL

	Header
	1
	1

	Frequency domain resource allocation
	6-10
	6-10

	Time domain resource allocation
	0-2
	0-2

	VRB-to-PRB mapping
	0-1
	

	HARQ process
	1-2
	1-2

	MCS
	5
	5

	RV
	0-1
	0-1

	NDI
	1
	1

	HARQ-ACK timing 
	0-2
	　

	TPC 
	2
	2

	ARI
	0-2
	　

	Frequency hopping flag
	　
	1

	Total payload size
	16-29
	17-25



Besides these fields, there are some additional fields which should be configurable for DL/UL DCI formats scheduling Rel-16 NR URLLC. It is suitable to introduce more fields in DCI formats scheduling Rel-16 NR URLLC in order to support MIMO transmission or some new introduced features. Since PDSCH scheduled by DCI 1_0 can only transmit using one DMRS port, and the QCL assumption is identical to the CORESET of PDCCH. It can neither adjust PDSCH’s QCL source nor DMRS ports according to the current channel states. On the other hand, for PUSCH scheduled by DCI format 0_0 in a cell, the UE shall transmit PUSCH according to the spatial relation corresponding to the PUCCH resource with the lowest ID within the active UL BWP of the cell. Similarly, PUSCH’s spatial relation is fixed when scheduled by DCI format 0_0. Thus, it may reduce the reliability of URLLC traffic, decrease its scheduling flexibility, and lower its performance. So it is beneficial to support multi-antenna transmission for URLLC traffic. It is necessary to consider having the following fields for DL/UL DCI formats scheduling Rel-16 NR URLLC to facilitate multi-antenna operations to support adjustable transmissions.
DL URLLC DCI:
· Antenna port(s) [0~2 bits] 
· Transmission configuration indication [0~3 bits]
· CSI request [0~3 bit]. 
UL URLLC DCI:
· SRS request [0~3 bits] 
· SRS resource indicator [0~4 bits]
For new features introduced in URLLC, it should be discussed in the other AIs whether there should be some additional fields in DCI format(s) scheduling Rel-16 NR URLLC to support these features. Such as repetition factor [0~2 bits] should be considered together with PUSCH transmission. And priority indication [0~3 bits] should be studied with UCI multiplexing.
Other fields indicating parameters regarding rate matching, cross carrier scheduling, beta offset for UCI multiplexing, and PRB bundling size indicator are not necessary. There are some other semi-static methods to deal with these issues. For example, semi-static configuring rate matching patterns, only supporting self-cell scheduling for URLLC traffic and semi-static configuring beta offsets for UCI multiplexing, these parameters do not need to be indicated dynamically, without a severe influence on URLLC performance.
Proposal 1. Table 1 should be considered for DCI format(s) scheduling Rel-16 NR URLLC to reduce the bit width of some fields in DCI0_0 and DCI1_0.
Proposal 2. The fields to support MIMO transmission should be contained in DCI format(s) scheduling Rel-16 NR URLLC.
Proposal 3. Rate matching, cross carrier scheduling, beta offset and PRB bundling size indicator should not be included in DCI format(s) scheduling Rel-16 NR URLLC.
Increased PDCCH monitoring capability
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In Rel-15 NR, PDCCH monitoring always satisfies the CCEs/BDs limits. If the configured numbers are more than these limits, UE would follow the search space dropping rules until meeting CCEs/BDs limits. It is clear that the limit of the number of CCEs/BDs does have significant impact on UE complexity. The maximum numbers of BD/CCE limits with different numerologies are defined in 38.213 [2].  
It was proposed to study whether these limits should be increased to provide more scheduling flexibility for URLLC in RAN1 #96 meeting [3].
Agreements:
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 
Agreements:
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.

With the stringent latency and reliability requirements for URLLC, scheduling multiple PDSCHs/PUSCHs in a slot is necessary. As a sequence, it is necessary to configure multiple PDCCH monitoring occasions within a slot, such as 7 monitoring occasions per slot. 
For blind decoding, we do not prefer to use larger BD limits, other implementation methods such as fewer PDCCH candidates can be configured for every monitoring occasion. As shown in Table 2, more occasions are configured, the current blind decoding number can at least provide 2 PDCCH candidates for every PDCCH monitoring occasion. So we prefer not to increase the PDCCH blind decoding number for Rel-16 URLLC.
Table 2: Max no. of PDCCH BDs per monitoring occasion
	SCS
	Max no. of PDCCH BDs per slot
	Max no. of PDCCH BDs per monitoring occasion 

	
	
	7 monitoring occasions per slot
	4 monitoring occasions per slot

	15 kHz
	44
	6
	11

	30 kHz
	36
	4
	9

	60 kHz
	22
	3
	5

	120 kHz
	20
	2
	5



Proposal 4. The number of PDCCH blind decoding does not increase in Rel-16 NR URLLC.
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In this contribution, we made the following observations and proposals.
Proposal 1.	Table 1 should be considered for DCI format(s) scheduling Rel-16 NR URLLC to reduce the bit width of some fields in DCI0_0 and DCI1_0.
Table 1: DCI formats scheduling Rel-16 NR URLLC
	DCI format
	DL
	UL

	Header
	1
	1

	Frequency domain resource allocation
	6-10
	6-10

	Time domain resource allocation
	0-2
	0-2

	VRB-to-PRB mapping
	0-1
	

	HARQ process
	1-2
	1-2

	MCS
	5
	5

	RV
	0-1
	0-1

	NDI
	1
	1

	HARQ-ACK timing 
	0-2
	　

	TPC 
	2
	2

	ARI
	0-2
	　

	Frequency hopping flag
	　
	1

	Total payload size
	16-29
	17-25



[bookmark: _GoBack]Proposal 2.	The fields to support MIMO transmission should be contained in DCI format(s) scheduling Rel-16 NR URLLC.
Proposal 3.	Rate matching, cross carrier scheduling, beta offset and PRB bundling size indicator should not be included in DCI format(s) scheduling Rel-16 NR URLLC.
Proposal 4.	The number of PDCCH blind decoding does not increase in Rel-16 NR URLLC.
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