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1. Introduction
The following agreements related to PDCCH enhancements were achieved in RAN1 AH1901 meeting [1],
Agreements:
[bookmark: OLE_LINK3]For the DCI format scheduling Rel-16 NR URLLC, 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Option 2: aligned with Rel-15 fallback DCI
· Option 3: configurable DCI size with the limitation as below  
· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI
· Option 4: DCI with 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)
· Option 5: no introduction of new DCI format due to this SI
· Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item   
Conclusion on PDCCH repetition
· PDCCH repetition is not considered further in this study item
PDCCH enhancements in the new SID [2] focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability. Since PDCCH repetition is not considered further in Rel-16 URLLC study item, in this contribution, we present our views on Compact DCI and PDCCH blind detection.
2. Discussion 
2.1 Compact DCI 
The following observations about compact DCI were reached in RAN1 AH1901 meeting [1],
Observation:
For carrier frequency 4 GHz with antenna configuration of 4 Tx/4 Rx, channel model of TDL-C 300 ns and a CORESET with 1 or 2 symbols, 12 sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Observation:
Eight sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.6dB ~ 1 dB gain for AL=16 assuming 4 GHz, 1e-5 or 1e-6 target BLER, 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain and 40 MHz in frequency domain. 
Observation:
[bookmark: OLE_LINK52]Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.7dB ~ 1 dB gain for AL=16 assuming 700 MHz, 1e-6 target BLER, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain and 20 MHz in frequency domain.
Observation:
Two sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 20% PDCCH resource used for URLLC UEs assuming 700 MHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain, 20 MHz in frequency domain.
Observation:
· Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 16% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 4Tx/4Rx at gNB side and 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.
· One source shows that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 7 % ~ 11% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 target BLER for single PDCCH transmission, 16 Tx/16 Rx at gNB side and 2 Tx/4 Rx at UE side for SINR CDF geometry, 2 Tx/4 Rx for PDCCH BLER, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.
The above observations show the benefits of Compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI. With the same AL, Compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can help increase the reliability of PDCCH. In addition, Compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can help increase the PDCCH capacity from the system perspective. The gain decreases with the size of Compact DCI increases. Therefore, for increasing the reliability of PDCCH and/or the system capacity of PDCCH, Option 1 is the best choice among the five options given in the last meeting [1]. 
Proposal 1: Option 1 should be supported for the DCI format size.
In order to reduce the DCI payload, only crucial fields should be remained in Compact DCI. In the last meeting [1], it has been agreed that the number of bits of eight potential fields is considered to be reduced for Compact DCI. Table 1 gives our consideration on the reduction of these fields for both DL and UL.
Table 1. DCI format size reduction compared to the DCI format size of Rel-15 fallback DCI
	DCI format
	DL(bits)
	UL(bits)
	Comment

	Frequency domain resource assignment
	2-4
	2-4
	RB bundle can be used as the frequency domain resource assignment unit for URLLC traffic. 4, 8, 16 RBs per RB bundle can be considered.

	Time domain resource assignment
	2-4
	2-4
	For URLLC mini-slot scheduling, the starting symbol can be defined with respect to the scheduling DCI to reduce the size of DCI payload.

	Modulation and coding scheme
	1-2
	1-2
	For URLLC traffic, high MCS’s may not be necessary.

	HARQ process number
	2-3
	2-3
	Because of the stringent time boundary of URLLC traffic, there will not be too many URLLC HARQ processes at the same time, 2 or 4 HARQ processes seem to be enough for URLLC traffic.

	Redundancy version 
	1-2
	1-2
	Due to the low data rate of URLLC, IR gain will not be evident.

	PUCCH resource indicator
	0-1
	-
	The number of configured PUCCH resource sets can be reduced for URLLC traffic.

	PDSCH-to-HARQ_feedback timing indicator
	1-3
	-
	Because of the stringent time boundary of URLLC traffic, the candidates of K1 will be quite limited for URLLC traffic, even fixed HARQ-ACK feedback timing is applicable.

	Downlink assignment index
	0-2
	-
	DAI may not be necessary in case of no HARQ-ACK multiplexing or in case of semi-static HARQ-ACK codebook is configured.

	Total DCI format size reduction
	9-21
	8-15
	



Proposal 2: Considering the DCI format size reduction in Table 1 compared to the DCI format size of Rel-15 fallback DCI.
2.2 PDCCH blind detection
The following agreements were reached in RAN1 93 meeting [3].
Agreements:
· Clarify the agreements at RAN1#91 as follows:
· Case 1: PDCCH monitoring of all SS sets that are monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring other than Case 1periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

Three cases were clarified for BD/CCE limits discussion in Rel-15. Furthermore, BD/CCEs limits have been defined considering the 0.5ms one way latency of URLLC traffic in Rel-15. In Rel-16, URLLC traffic considers short latency in the order of 0.5 to 1ms with higher reliability. The most stringent time budget is the same as Rel-15. It is not necessary to introduce more stringent BD/CCE limits in Rel-16. Moreover, the required reliability can be achieved by other method, e.g., with PDCP packet duplication [4].
Proposal 3: No more stringent PDCCH monitoring capability on BD/CCE is supported in Rel-16. 
3. Conclusion
In this contribution, we present our views on URLLC PDCCH improvements, based on the above discussion, we have the following proposals:
Proposal 1: Option 1 should be supported for the DCI format size.
Proposal 2: Considering the DCI format size reduction in Table 1 compared to the DCI format size of Rel-15 fallback DCI.
Proposal 3: No more stringent PDCCH monitoring capability on BD/CCE is supported in Rel-16. 
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