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Introduction
Following is the list of contributions in 7.2.3:
Whether or not for a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
[1] R1-1803658	PDCCH repetition for URLLC	Huawei, HiSilicon
[2] R1-1803767	Discussion on enhanced PDCCH for NR URLLC	CATT
[3] R1-1803802	Discussion on PDCCH repetition for URLLC	ZTE, Sanechips
[4] R1-1803847	Discussion on PDCCH repetition for URLLC	vivo
[5] R1-1803921	On PDCCH Repetition for URLLC	Ericsson
[6] R1-1803943	PDCCH repetition for URLLC transmissions	Fujitsu
[7] R1-1804011	PDCCH repetition for URLLC	OPPO
[8] R1-1804071	On PDCCH Repetition for URLLC	MediaTek Inc.
[9] R1-1804224	On URLLC PDCCH simulation	Spreadtrum Communications
[10] R1-1804234	On enhancing reliability of PDCCH	 NEC
[11] R1-1804391	On Need for PDCCH Repetitions	Samsung
[12] R1-1804571	Discussion on PDCCH repetition for URLLC	LG Electronics
[13] R1-1804599	PDCCH repetition for NR URLLC	Sony
[14] R1-1804617	Discussion on reliability enhancement for PDCCH 	Nokia, Nokia Shanghai Bell
[15] R1-1804644	On PDCCH repetition for NR URLLC	Sequans Communications
[16] R1-1804660	On PDCCH repetition for URLLC	AT&T
[17] R1-1804741	On NR PDCCH repetitions for URLLC	Intel Corporation
[18] R1-1804819	Considerations on PDCCH repetition	Qualcomm Incorporated
[19] R1-1804853	Evaluation of PDCCH Repetition for URLLC 	InterDigital, Inc.
[20] R1-1804944	Discussion on PDCCH repetition for NR URLLC	Beijing Xiaomi Mobile Software
[21] R1-1805063	Necessity of PDCCH repetition	NTT DOCOMO, INC.
Contributions Summary / Offline Discussions
LLS
· AL16 achieves 1e-5 reliability under carrier frequency 4GHz and DCI 40bits at -3dB or lower SNR [5,8,9,11,17,18,20,21]
· AL16 achieves 1e-5 reliability for carrier frequency 700MHz, TDL-C, and DCI 40bits at -3dB or lower SNR [5,8,11]
· AL16 may or may not achieve 1e-5 reliability for carrier frequency 700MHz, TDL-A, and DCI 40bits at -3dB SNR [5,8,11,17,19]
· Three views on handling the (700MHz, TDL-A) case
· Compact DCI of 30 bits enables the 1e-5 reliability [5,8]
· PDCCH repetition is needed
· No special handling since all other scenarios are satisfied
Proposal: Determine whether to support the (700MHz, TDL-A) scenario. If yes, FFS PDCCH repetition, compact DCI, or higher AL > 16.
Design considerations
· PDCCH repetition is similar to adopting a larger AL [2,5,7,14,16,18,20,21]
· Complexity
· If time/frequency positions of PDCCH repetition cannot be inferred among each other, more blind decoding and buffering in case of soft-combining are needed. UE behavior is FFS partly depending on whether soft-combining over time is considered [4,7,8,12,18,21]
· PDCCH repetition can mitigate the blocking issue [1,9,13,15,20]. Not an issue [18].
· PDCCH repetition over time incurs more latency overhead [4,8,11,18,20]
· Can use repetition of different ALs to construct higher AL [12,21]
· If further improvement of reliability is considered, prefer Compact DCI [1,7,8] or PDCCH repetition [1,3,12,15,17]
· Early termination of PDCCH repetition. Difficult to do [8] or can be supported [1,10,13,20]
· Consider HARQ to relax control reliability requirement or reduce blocking. Support [5,8,18]. Oppose [15]

Special schemes/scenarios of interest for PDCCH repetition
· Obtain 3dB implementation margin [17]
· The LTE-URLLC LLS study do not consider implementation margin.
· Interleaving one PDCCH and one PDSCH [14]
· Enable frequency hopping and dynamically signal number of remaining repetitions
· Interleaving multiple PDCCHs and one PDSCH [1]
· Reduce blocking and improve eMBB performance
· It should be clarified if any agreement on PDCCH repetition is with respect to a particular scenario or all scenarios [6]

Observation: For PDCCH repetition over frequency at the same monitoring occasion, link-level (LL) performance is same as high AL regardless of whether repetition is over the same or different CORESETs.
Proposal: There is no need to consider frequency-domain PDCCH repetition at the same monitoring occasion.
Observation: When PDCCH is repeated back-to-back over time, LL performance is worse than high AL without combining, and comparable to high AL with combining.
Observation: LLS is the key metric to decide whether to support PDCCH repetition.
Support: InterDigital, Ericsson, Nokia, Mediatek, Vivo, DCM, Oppo, Samsung, QC
Neutral: NEC
Oppose: HW
Observation: Companies that request other metrics like implementation margin and SLS performance: HW, Intel
Past agreements
RAN1#92:
Agreements:
· To study the necessity of compact DCI and PDCCH repetition, the following link-level simulation assumptions are provided.
	Parameters
	Value
	Notes

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits (optional)  
	

	System bandwidth
	20MHz
	

	Carrier Frequency
	4GHz, 700MHz
	Reported by companies

	Number of symbols for CORESET
	1, 2, 3
	Reported by companies

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz (optional for PDCCH repetition in frequency)
	

	Subcarrier spacing
	30KHz, other SCS are not precluded
	Reported by companies

	Aggregation level
	Compact DCI study: 8, 16. (1,2,4 are optional)
PDCCH repetition study (40bits): 4, 8, 16
	

	Transmission type
	Interleaved
	

	REG bundling size
	6
	

	Modulation 
	QPSK
	

	Channel coding
	Polar code (DCI)
	

	Transmission scheme
	1-port precoder cycling
	

	Channel estimation
	Realistic
	

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	

	UE speed
	3 km/h
	

	Number of BS antennas
	2Tx
	

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz
	

	Residual target BLER 
	10^-5
	Applied to one-shot tx, PDCCH repetition, HARQ, and others

	Deployment
	Urban macro as listed in 3GPP 38.802
	

	SINR target
	Compact DCI study: 5th percentile DL geometry
PDCCH Repetition study: look at link curves directly
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