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1
Introduction
In RAN#80, a new study item on physical layer enhancements for NR URLLC was approved [1]. In Rel. 15, the basic support for URLLC was introduced. For NR URLLC Rel. 16, further use cases with tighter requirements have been identified such as factory automation, transport industry and electrical power distribution. The tighter requirements are higher reliability (up to 1E-6 level), higher availability, depending on the use cases.
In this document, we discuss reduction of false detection, contents of DCI and PDCCH repetition. 

2
Discussion
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.

(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.
Contents of DCI

The performance benefit of compact DCI in term of required SINR at target BLER=1E-5 of 10 companies are summarized [2] as shown in Table 2.1. The gain is not so large in higher aggregation levels. For URLLC, higher aggregation levels would be mainly used. 

Table 2.1 Summary of gains by reducing the DCI payload size [2]
	Aggregation level
	10 bits reduction (40->30)
	16 bits reduction (40->24)

	1
	1dB
	2~3 dB

	2
	0.5dB
	1~2 dB

	4
	0.2~1.1dB
	0.7~1.3dB

	8
	0.4~0.9dB
	0.4~1.5dB

	16
	0.3~0.9dB
	0.4~1.2dB


To increase virtual CRC and/or to add new parameters, some parameter usage should be revisited for URLLC operation. The candidates of such parameters are follows.

· Frequency domain and time domain resource allocation bits
For frequency domain, larger resource block group could be used assuming lower coding rate of URLLC.

For time domain, staring symbol is relative to the beginning of CORESET can save the required patterns.

· HARQ process number/redundancy version
The number of HARQ process number could be reduced for low latency and fixed redundancy version could be used.

· Carrier indicator
For URLLC, cross-carrier scheduling would be not necessary.

If the size is differentiate from DCI format 1_0/0_0, the number of BDs in a slot would be increased as we expect common channel like SI/Paging/random access needs to be still received in URLLC UEs. To increase the number of BDs impact false detection probability further.
Considering the gain is not so large, the need of virtual CRC for reliability, to avoid the number of BD increase for false detection, we propose not to introduce further compact DCI and DCI format 1_0/0_0 size is reused for URLLC.
Proposal 1: Further Compact DCI is not supported. DCI format 1_0 and 0_0 size can be reused.
PDCCH Repetition

eMBB design can support lower SINR target than -2.6dB (5th percentile DL geometry) by AL=16 PDCCH [3]. If only -2.6dB is covered, whole eMBB coverage is not always covered by URLLC. PDCCH repetition provides extra robustness for DCI when only gNB configure the repetition.

Following five options are identified and shown in Figure 1. 

Option 1) A CORESET spans more than 3 OFDM symbols. A CCE size is extended to more than 6.
Option 2) A CORESET spans more than 3 OFDM symbols. A CCE size is 6 but more than 16 CCEs are aggregated.

Option 3) Multiple CORESETs with the same search spaces with same utilized CCE locations are bundled.

UE should know multiple search spaces/CORESETs are same transmission for "bundle" them.
Option 4) Independent PDCCH schedules each PDSCH repetition

Spec allows same HARQ process can be allocated before HARQ-ACK is transmitted.

Option 5) Multi PDCCHs schedule PDSCH repetition. It is similar as LTE HRLLC.
The counter of repetition is necessary in DCI and spec allows same HARQ process can be allocated before HARQ-ACK transmission.
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Figure 1 PDCCH repetition options
The comparison of PDCCH repetition options is shown in Table 1. 
Table 1 comparison of PDCCH repetition options
	
	Option 1
Larger CCE size
	Option 2
Larger aggregation level
	Option 3
Multi CORESETs are bundled
	Option 4
independent PDCCH
	Option 5
Multi-PDCCH
(LTE HRLLC)

	Reliability of 
PDSCH/PUSCH
	Higher
	Higher
	Higher
	When some of PDCCH is missed, some of PDSCH/PUSCH can not be received/ transmitted.
	When earlier PDCCH is missed, earlier PDSCH/PUSCH can not be received/ transmitted.

	CORESET location
	Larger CORESET in front
	Larger CORESET in front
	Multiple CORESETs are in front.
It could be contiguous or non-contiguous.
	Multiple CORESETs are distributed in time domain.
	Multiple CORESETs are distributed in time domain.

	CORESET sharing with other than URLLC
	Not shared
	Not shared
	Can be shared
	Can be shared
	Can be shared

	Latency
PDSCH/PUSCH end time
	There is no difference among options.

	Latency 
HARQ-ACK
	There is no difference among options.
When N1 is based on last PDSCH, it would be same timing.
Early HARQ-ACK on middle of PDSCH repetition could be supported in all options if it is necessary. 

	Flexibility of RA
	
	
	
	Full flexibility
	

	Precoding
	Same precoding in time domain in a CORESET
	Same precoding in time domain in a CORESET
	Flexible

Same precoding in multiple CORESET to improve channel estimation or different precoding for spatial diversity can be configured.
	Different precoding among CORESETs
	Different precoding among CORESETs

	Spec impact
	New CORESET with larger CCE /larger CORESET length
	New CORESET with larger AL/ larger CORESET length
	Lower 

(than Option 1 and 2) even if additional precoding and combining rules is necessary. 
	Low

Just remove the RA restriction on the same HARQ process
	Low
Remove the RA restriction on the same HARQ process and add the repetition number


From this comparison, we summarize followings.

Option 3 has merits on reliability of PDSCH/PUSCH, CORESET sharing with other than URLLC, precoding flexibility and lower spec impact.

Option 4 has merits on CORESET sharing with other than URLLC, resource allocation full flexibility and low spec impact.
We propose to study Option 3 and Option 4 further.

Proposal 2: PDCCH repetition is supported. Option 3) Multiple CORESETs with the same search space with same utilized CCE locations are bundled and Option 4) Independent PDCCH schedules each PDSCH repetition should be studied further. 
3
Conclusion 
Here we summarize the proposals 
Proposal 1: Further Compact DCI is not supported. DCI format 1_0 and 0_0 size can be reused.
Proposal 2: PDCCH repetition is supported. Option 3) Multiple CORESETs with the same search space with same utilized CCE locations are bundled and Option 4) Independent PDCCH schedules each PDSCH repetition should be studied further. 
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