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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#88, a new work item on physical layer enhancements for NR URLLC was approved [1]. This contribution discussed following aspects 
· DCI false detection
· Contents of DCI
· PDCCH monitoring capability
2 Discussion
2.1 DCI false detection

The target false alarm rate 2-21 = 4.77E-7 has been assumed for 24bit CRC with SCL decoder in Rel.15 discussion. Even if only two PDCCH candidate with two RNTIs like C-RNTI, MCS-C-RNTI are monitored, the false detection rate is 2x2x4.77E-7 = 1.91E-6, which is larger than 1E-6. The false detection of DCI for URLLC impacts on reliability of PDSCH reception /PUSCH transmission directly. 

In order to reduce the false detection of DCI, followings are identified.
(1) Virtual CRC
Virtual CRC with fixed value padding is specified in a SPS activation/release.  The fixed value in DCI can be used to improve the reliability.
(2) Monitoring PDCCH occasions are limited for RNTI for URLLC
MCS-C-RNTI is monitored in USS and Type 3 CSS in Rel.15. When MCS-C-RNTI is configured, the number of blind decoding of MCS-C-RNTI equals it of C-RNTI. For URLLC with 1E-6 reliability, one option is the monitoring search spaces for RNTI for URLLC are limited to reduce the number of blind decoding. Other option is the number of trials for RNTI for URLLC per search space is limited compared to the number of trials for C-RNTI. On the other hand, this makes latency reduction more difficult.
(3) 2 steps PDCCH reception
For the symbols indicated by SFI PDCCH, PDCCHs are only monitored in dynamic DL symbols indicated by SFI and not received in dynamic flexible symbols. SFI PDCCH reception can contribute to reduce false alarm if UE monitors PDCCHs on dynamic DL symbols only when UE detects SFI correctly. In current spec, if SFI PDCCH is mis-detected or if SFI PDCCH is not sent by gNB, PDCCH is still monitored in semi-static flexible symbols. Therefore, false detection reduction by 2 steps PDCCH reception of SFI PDCCH and unicast PDCCH for URLLC does not work well. To resolve this, in case SFI PDCCH is not detected, unicast PDCCH for URLLC is not monitored in semi-static flexible symbol is one approach. On the other hand, such operation requires more reliable transmission of SFI PDCCH. The different handling of SFI reception makes compatibility more difficult.

In RAN1#95, "no change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective" was agreed. Therefore, it would be difficult to reduce false detection of DCI in CSS when UE is operating to target 1E-6. On the other hand, in order to reduce the latency, USS would be configured more frequently in time for URLLC and at least some mechanism to reduce false detection of DCI should be taken.

Proposal 1: False detection reduction of DCI should be realized by at least virtual CRC for DCI targeting 1E-6 operation.

2.2 [bookmark: _Hlk953412]Contents of DCI

[bookmark: _Hlk4698542]In RAN1#AH1901, potential reduction of the number of bits compared to Rel-15 DCI are listed. In RAN1#96, candidates of configured fields are listed as show in Annex. The DCI format for enhanced URLLC can be larger than DCI format 0_0/1_0. There would be no clear border between URLLC and eMBB from application usage perspective. The larger DCI format for URLLC could be used for the application very similar to eMBB operation. Therefore, configurable fields in DCI format 1_1/0_1 should be also supported in DCI format for enhanced URLLC if there is no specific reason to differentiate it. 


Possible new filed for DCI format for enhanced URLLC
· Repetition factor
The need of this field should be concluded in the discussion of enhancement of PUSCH for URLLC. Our view is to support option 6 (number of repetition as part of TDRA) which is no need to have repetition factor as separate field [2]. Instead, time domain resource assignment field should be allowed to be increased to 32 or 64. This is more flexibility with the same DCI overhead as the repetition factor only allows to repeat the same assignment but increasing time domain field allows different assignment among multiple slots.
· Priority indicator 
The need of this field should be concluded in the discussion on intra-UE Tx prioritization/multiplexing and HARQ-ACK codebook/procedures. Our view is this explicit field is necessary for both PDSCH and PUSCH assignments [3].

Reduction bits from DCI format 0_0/1_0 to support compact DCI
· Frequency domain resource assignment
The larger resource block group should be used assuming lower coding rate of URLLC.
· Time domain resource assignment (TDRA) [4 bits in DCI format 0_0/1_0]
In DCI format 0_1/1_1, 0, 1, 2, 3, or 4 bits are configurable. As discussed in the repetition field, our view is 5 or 6 bits configuration should be supported in addition. Although the current indication is relative to the beginning of a slot, to support relative to the beginning of the CORESET can reduce the combination case and worth to discuss it.
· HARQ process number [4 bits in DCI format 0_0/1_0]
In DCI format 0_1/1_1, fixed 4 bits are defined. For DCI format for enhanced URLLC, configurable among 0,1,2,3 or 4 bits could be possibility. When smaller number of bits are configured, only lower index of HARQ process can be indicated. 
· Redundancy version [2 bits in DCI format 0_0/1_0]
In DCI format 0_1/1_1, fixed 2 bits are defined. For DCI format for enhanced URLLC, configurable among 0,1, or 2 bits could be possibility. When 0 bits is configured, RV=0 should be interpreted by UE. When 1 bit is configured, only RV=0 and 2 (or 3) can be indicated. 
· PUCCH resource indicator [3 bits in DCI format 1_0]
In DCI format 1_1, fixed 3 bits are defined. This field should be discussed in UCI enhancement for enhanced URLLC. 

Configurable bits as same as DCI format 0_1/1_1
For following field, our view is same as DCI format 0_1/1_1. However, depending on enhancement of MIMO discussion, additional bits may be considered. 
· Rate matching indicator 
· PRB bundling size indicator 
· ZP CSI-RS triggering 

Configurable bits different from DCI format 0_1/1_1
· Antenna port(s) 
In DCI format 0_1/1_1, 0 bits are not configurable. For DCI format for enhanced URLLC, 0 bits should be supported. When 0 bits is configured, same behaviour as DCI format 0_0/1_0 should be used.
· [bookmark: _Hlk4700992]Transmission configuration indication
In DCI format 1_1, 0 or 3 bits are configurable. Whether 1 or 2 bits in addition is configurable or not should be discussed in enhancement of MIMO discussion. When 0 bits are configured, same behaviour as current 0 bits in DCI format 1_1 should be used. 
· SRS request
In DCI format 0_1/1_1, fixed 2 bits are specified. 0bit configuration should be supported in addition. Whether 1 bits is configurable or not should be discussed. When 0 bits is configured, to trigger aperiodic SRS is not supported. When 1 bits is configured, one state indicates non-aperiodic SRS and the other state indicates one of aperiodic SRS. 
· Carrier indicator 
In DCI format 0_1/1_1, 0 or 3 bits are configurable. Whether 1 or 2 bits is configurable or not should be discussed. The behaviour with 0 bits could be same as current 0 bits in DCI format 0_1/1_1. In order to reduce the low complexity, CIF field value should be interpreted as same as the other DCI formats. If the number of configurable bits is less than 3, only lower index of the carrier can be indicated.
· Beta offset indicator 
This field should be discussed in in UCI enhancement for enhanced URLLC. 
· CSI request
In DCI format 0_1, 0,1,2,3,4,5 or 6 bits are configurable. For DCI format for enhanced URLLC, whether configurable bits are reduced or same values as DCI format 0_1 should be discussed. The behaviour with 0 bits could be same as current 0 bits in DCI format 0_1. When configured bits are different from another DCI format, only lower indexes are indicatable. 
· SRS resource indicator 
In DCI format 0_1, the number of bits depends on the number of configured SRS resources. For DCI format for enhanced URLLC, whether configurable bits depend on the number of configured SRS or not should be discussed. If it does not depend on the number of configured SRS, only lower index could be indicatable.


2.3 [bookmark: _Hlk4692868] PDCCH monitoring capability
The number of CCEs
The necessary number of CCEs for 15kHz SCS with 4 monitoring occasions and 30 kHz with 2 monitoring occasions are shown in Table 1. When there are two AL 8 and 4 monitoring occasion in a slot, the number of CCEs are not sufficient. In our simulation result [4], around 10% UEs use AL 8 when 40 bits DCI is used. In order to reduce the blocking probability, two PDCCH candidates for AL 8 would be necessary. In PCell, the restriction of the number of CCEs is more severe because CSS needs to be monitored. Therefore, we propose the number of CCEs for channel estimation per slot should be increased to support frequent monitoring occasions with larger ALs. 

[bookmark: _Ref4688017]Table 1
	SCS
	Rel.15
	Two AL 4 or
One AL 8
	Four AL 4,
Two AL 8 or
One AL16
	Two AL 16

	15kHz with
4 monitoring occasions
	56
	32
	64
	128

	30kHz with
2 monitoring occasions
	56
	16
	32
	64



Proposal 2: the number of CCEs for channel estimation per slot should be increased to support frequent monitoring occasions with larger ALs.

The number of BD
If the number of BD is increased, the false detection probability is also increased as discussed in section 2.1. In rel.15, SCS 15 kHz has 44 BDs for case 2. When there are 4 monitoring occasions in SCS 15 kHz, 11 BDs per monitoring occasions are available. If 24 BDs are used for other purpose like a CSS and eMBB in a slot, still 5 BDs per monitoring occasion are available. Therefore, to increase the number of BDs is not essential.
If the number of BD is increased, the virtual CRC should be considered to improve reliability.
Observation: increase the number of BDs is not essential.

3	Conclusion 
Here we summarize the observations and proposals 

Proposal 1: False detection reduction of DCI should be realized by at least virtual CRC for DCI targeting 1E-6 operation.
Proposal 2: the number of CCEs for channel estimation per slot should be increased to support frequent monitoring occasions with larger ALs.
Observation: increase the number of BDs is not necessary.
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Annex

In RAN1#AH1901, followings are agreed.
	· 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 



In RAN1#96, followings are agreed.

	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)
· [bookmark: _Hlk4699836]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]
· [bookmark: _Hlk4759647]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





