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1 Introduction
This document summarises the key aspects of the necessity of PDCCH repetition for URLLC in R15 from contributions submitted to agenda item 7.2.3 in the RAN1#92 meeting.
RAN plenary #78 [RP-172817] provides the proposed scope in RAN1:
· Study and specify if gains are identified
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
2 Non-PDCCH-repetition based mechanisms to achieve high reliability
Here are mechanisms other than PDCCH repetition to achieve 1e-5 reliability for URLLC.

· Option 1: Increase AL
a. Pros: already supported in NR

b. Cons: limit PDCCH candidates in a search space and/or limit PDCCH search spaces in a CORESET
· Option 2: Compact DCI

a. Details are being discussed in 7.2.2

· Option 3: 4 UE Rx antennas

a. Currently supported in the 2.5-5GHz band [RP-172788, “Mandatory 4Rx UE capability for NR”]

· Option 4: Different ALs for PDCCHs of HARQ transmissions (without combining)

a. As an example, PDCCH of a HARQ new transmission uses AL4, and that of the HARQ retransmission uses AL8 to achieve high reliability

By combining the above options, the following numerical results show that PDCCH repetition is not needed to achieve 1e-5 reliability for URLLC. Simulation assumptions are provided in Section 4.
· Ericsson
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· MTK
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· QC: Normal HARQ procedures (1 new tx + 1 retx) achieve 1e-5 reliability with good system efficiency.
[image: image4.emf] 

  1 st   c trl (w/  DMRS)  1 st   data ( w/o   DMRS)  2 nd   c trl (w/DMRS)  2 nd   data ( w / o   DMRS)  Total   (#RBs)  

No HARQ  BLER  2e - 9  7e - 6     

#RBs  AL=8  76    143  

Normal HARQ   (fixed  ctrl   AL)  BLER  2e - 9  0.07  2e - 8    

#RBs  AL=8  32  AL=8  44  Avg. 9 4  

Normal HARQ   (flexible ctrl AL)  BLER  1e - 4  0.03   5e - 8s    

#RBs  AL=4  36    AL=8  68  Avg. 73   

PDCCH repetition   &   PDSCH   IR  BLER    1e - 4  0.01  1e - 6   (after combining)    

#RBs  AL=4  40    AL=4  40  Avg. 74  

PDCCH   repetition   &  PDSCH   repetition  BLER    1e - 4  0.005  1e - 6 (after combining)    

#RBs  AL=4  44  AL=4  44  Avg.  80  


· DCM: One AL-2x PDCCH provides similar performance to two AL-x PDCCH repetitions over time and frequency
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· Samsung: In the case that DCI size has 30 bits, it was shown that 1e-5 of reliability is approximately at -2 dB and -4 dB in case of AL 8 and AL 16, respectively [R1-1702997].
Observation 1:
The 1e-5 reliability for URLLC can be achieved by a combination of AL, compact DCI, multiple UE Rx antennas, and one-shot or multiple HARQ transmissions. This view is supported by Ericsson, MTK, QC, DCM, SS.
Proposal 1: There is no need for PDCCH repetition when AL is less than or equal to 8.

Any comments?

	Company
	Views

	
	

	
	

	
	


3 The necessity of PDCCH repetition
The following numerical results and discussions show that PDCCH repetition is useful and/or needed to achieve 1e-5 reliability and improve system performance. Simulation assumptions are provided in Section 4.
· Intel: In case of 60KHz subcarrier spacing, single candidate for AL16 cannot fit into 3-symbol CORESET in 20 MHz bandwidth, and PDCCH repetition is useful.

· Intel: PDCCH repetition over frequency achieves 1e-5 reliability.

[image: image8]
· ZTE: For a one-shot transmission, the reliability for PDCCH should be improved to over 99.999% which results in a needed gain of about 6dB compared with the legacy reliability of 99%. Compact DCI and high AL are insufficient get the 6dB gain. Hence PDCCH repetition should be considered [R1-1701595].
· Nokia: In the case of K-repetition, PDCCH repetition dynamically indicates remaining repetitions for PDSCH (w/o combining for PDCCH)
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· HW: PDCCH repetition reduces blocking of PDCCH scheduling to improve URLLC and eMBB performance.
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Observation 2:
PDCCH repetition can be needed or useful in the following cases to achieve high reliability: (i) high subcarrier spacing such as 60KHz, (ii) PDSCH repetition, and (iii) one-shot transmission. This view is supported by Intel, HW, ZTE, Nokia.

When PDCCH repetition is supported, we have the following options.
· Option 1: Repetition in multiple PDCCH monitoring occasions
a. 1-1: Followed by one PDSCH. PDCCHs may or may not be combined
b. 1-2: Each PDCCH is followed by one PDSCH
i. PDCCH repetition may or may not be combined

ii. PDSCH may or may not be combined
· Option 2: Repetition in one PDCCH monitoring occasion
Proposal 2:
RAN1 continues to identify use cases where PDCCH repetition provides significant performance gains over other mechanisms that are supported by the R15 specification.
Any comments or other options?

	Company
	Views

	
	

	
	

	
	


4 Evaluation assumptions
The following table provides evaluation assumptions for system and link level simulations in the paper.
	Company
	DCI
payload
	Antennas
	AL
	CORESET
	Numerology
	PDCCH Tx
	PDCCH combining
	Target LLS SNR (dB)
	Carrier
freq

	Ericsson
	39bits
	2Tx, 2/4Rx
	16
	40MHz, 1OS
	15KHz
	One-shot
	N/A
	-2.4
	4GHz

	MTK
	30bits
	2Tx ,4Rx
	16
	20MHz, 1OS
	15KHz
	One-shot
	N/A
	-5
	4GHz

	QC
	30bits
	1Tx, 4Rx
	4, 8
	1OS
	30KHz, 4OS minislot
	2 HARQ tx
	No
	-3
	4GHz

	DCM
	24, 40bits
	2Tx, 4Rx
	8, 16
	40MHz, 1OS
	15, 30KHz
	2 repetitions in time or freq
	No
	-2.6
	4GHz

	Intel
	16-40bits
	N/A
	16
	20MHz, 2OS
	15KHz
	2 repetitions in freq
	--
	-2.6
	700MHz

	Huawei
	48bits
	2Tx, 2Rx
	16, 2x8, 4x4
	1OS
	60KHz, 7OS minislot
	2-4 repetitions in time
	--
	--
	4GHz


Any comments on the simulation assumptions and methodologies?

	Company
	Views

	
	

	
	

	
	


5 Conclusions

Observation 1:
The 1e-5 reliability for URLLC can be achieved by a combination of AL, compact DCI, multiple UE Rx antennas, and one-shot or multiple HARQ transmissions. This view is supported by Ericsson, MTK, QC, DCM, SS.
Proposal 1: There is no need for PDCCH repetition when AL is less than or equal to 8.
Observation 2:
PDCCH repetition can be needed or useful in the following cases to achieve high reliability: (i) high subcarrier spacing such as 60KHz, (ii) PDSCH repetition, and (iii) one-shot transmission. This view is supported by Intel, HW, ZTE, Nokia.
Proposal 2:
RAN1 continues to identify use cases where PDCCH repetition provides significant performance gains over other mechanisms that are supported by the R15 (December 2017) specification.
6 References
R1-1801549
Discussion on PDCCH repetition for URLLC
vivo
R1-1801565
On PDCCH repetition for URLLC
Ericsson
R1-1801633
Discussion of PDCCH repetition
ZTE, Sanechips
R1-1801666
On PDCCH repetition for URLLC
MediaTek Inc.
R1-1801750
Discussion on enhanced PDCCH for NR URLLC
CATT
R1-1801781
PDCCH repetition for URLLC
Huawei, HiSilicon
R1-1801840
Discussion on PDCCH repetition for URLLC
Spreadtrum Communications
R1-1802001
On Need for PDCCH Repetitions
Samsung
R1-1802227
Discussion on PDCCH repetition for URLLC
LG Electronics
R1-1802423
On NR PDCCH repetitions for URLLC
Intel Corporation
R1-1802495
Necessity of PDCCH repetition
NTT DOCOMO, INC.
R1-1802534
On PDCCH repetition for NR URLLC
Sequans Communications
R1-1802548
Reliability enhancement for PDCCH
Nokia, Nokia Shanghai Bell
R1-1802576
PDCCH repetition
InterDigital, Inc.
R1-1802853
Considerations on PDCCH repetition
Qualcomm Incorporated

[image: image1.png]~ARX=2. TDLB-300ns 3kmh

Block Error Rate:




[image: image12.png]PDSCH scheduling for PDSCH scheduling

all K ransmissions ek

PDSCH scheduling for

(K-1) transmission



[image: image13.png]90% successful UE ratio  99% successful UE ratio |  99.9% successful UE
ratio

Scheme 1 99.5% 76.2% 6.7%

Scheme 2 99.5% 96.7% 829%




[image: image14.png].....



