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1	Introduction
In RAN1 NR #92 meeting, the following conclusion and agreements were reached on the study of necessity of PDCCH repetition in URLLC[1]:
	RAN1 #92
Conclusion:
· Discuss further in the next meeting whether or not to support PDCCH repetition
· Companies are encouraged to perform more evaulations/analyses 

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
	





In this contribution, we first present some simulation results for URLLC PDCCH with the agreed link-level simulation assumptions. Then, we discuss the pros and cons of PDCCH repetition.
2	Discussion
In URLLC service, a general URLLC reliability requirement for one transmission of a 32 bytes packet is  with a user plane latency of 1ms. In order to satisfy the ultra-reliability requirement, high aggregation level (AL) AL16 has already been supported in NR. Besides this, PDCCH repetition as another candidate scheme is proposed in [2]. To compare these two schemes, we evaluate the reliability performance for high AL scheme with the link-level parameter listed in Appendix A noted with red.
2.1 One symbol CORESET 
For one symbol CORESET, the BLER curve for AL4 and AL8 with DCI size 40bit and 30bit are shown in Figure 1. While AL16 is not supported with CORESET BW 20MHz and Subcarrier spacing 30KHz.
[image: ]
Figure 1. PDCCH BLER with DCI size 40 and 30 for AL4-AL8 with one symbol CORESET
2.2 Two symbol CORESET 
For two symbol CORESET, the BLER curve for AL4, AL8 and AL16 with DCI size 40bit and 30bit are shown in Figure 2.
[image: ]
Figure 2. PDCCH BLER with DCI size 40 and 30 for AL4-AL16 with two symbol CORESET
As Figure 2 shows, with AL16, the BLER of lower than 10-5 can be achieved with SNR around -8dB for both DCI size 40bit and 30bit, lower than a presumed target -5dB[3], thus can be considered sufficient to fulfill URLLC reliability requirement.
Based on the simulation results, we have the following observation:
Observation 1: With the agreed link-level simulation assumption, high AL scheme can satisfy the reliability requirement of URLLC.
In the email summary for PDCCH repetition in RAN1 #92[4], the use cases for PDCCH repetition could be: (i) high subcarrier spacing such as 60KHz, (ii) PDSCH repetition, and (iii) one-shot transmission.
	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.
1. Option 1: Repetition in multiple PDCCH monitoring occasions
0. 1-1: Followed by one PDSCH. PDCCHs may or may not be combined
0. 1-2: Each PDCCH is followed by one PDSCH
1. PDCCH repetition may or may not be combined
1. PDSCH may or may not be combined
1. Option 2: Repetition in one PDCCH monitoring occasion



For high AL scheme, when UE is configured with high AL, the available CCEs resource location of one UE are probably the same with other UEs. Thus, blocking probably happens among different UEs, which will increase the complexity of UEs’ scheduling and the latency will be increased also. Compared with high AL scheme, PDCCH repetition scheme could repeat PDCCH in time domain or frequency domain, and thus decrease the blocking probability among different UEs. So we have the following proposal: 
Proposal 1: PDCCH repetition to solve blocking issue can be considered in some use cases, e.g. PDSCH repetition.

3	Conclusions 
In this contribution, we give some simulation results with the agreed link-level simulation assumption and discuss the proposals on PDCCH repetition scheme.
[bookmark: _GoBack]Observation 1: With the agreed simulation assumption, high AL scheme can satisfy the reliability requirement of URLLC.
Proposal 1: PDCCH repetition to solve blocking issue can be considered in some use cases, e.g. PDSCH repetition.
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Appendix A:
	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
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