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1. Introduction

In RAN1#92b meeting [1], whether to support compact PDCCH and/or PDCCH repetition are discussed online and offline, and a conclusion as following is made
Conclusion:

· There is no consensus in Rel-15 to support:

· Defining a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data, and/or 
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

In this contribution, the necessary of supporting PDCCH repetition is discussed.
2. Discussion on PDCCH repetition for URLLC
To acheive the reliability of 10-5, the BLER of PDCCH should be no larger than 10-5. Link level evaluations are made to check whether current PDCCH design can fulfill such requirement for cell-edge UEs. It was agreed to use 5th percentile of DL geometry as the metric for a cell-edge UE. The DL geometry for 4GHz/700MHz under Channel Model A/B is shown in Figure.1 and the 5th percentile DL geometry is summarized in Table 1. 
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Figure 1: Downlink geometry for URLLC urban macro scenario
Table 1: 5th percentile DL geometry
	Urban Macro
	4GHz
	700MHz

	Channel Model A
	-2.39dB
	-2.2dB

	Channel Model B
	-2.24dB
	-2.14dB


It can be seen from figure.2 that with AL =16, 40bit DCI payload, 10-5 BLER target can be satisfied at 5th percentile DL geometry for both 4GHz and 700MHz cases. And the SNR required for 700MHz TDL-A 30ns is close to the 5th percentile SNR. The detail evaluation parameters are given the Appendix table.3.
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Figure 2: PDCCH performance with AL=16 (40bits payload size +24 bits CRC)

However, 16CCE is not always available, table 2 gives the requriement resources for 16CCE.
Table 2: Resource requirement for 16CCEs
	CORESET duration
	2OS
	3OS

	Required RB number
	>=48RBs
	>=32RBs

	Requred bandwidth
	30KHz SCS
	>=17.28MHz
	>=11.52MHz

	
	60KHz SCS
	>=34.56MHz
	>=23.04MHz


Therefore, if the channel bandwidth is small than 10MHz, AL 16 can not be supported no matter for 30KHz and 60KHz SCS. Even for channel bandwidth 20MHz, when SCS of 60KHz is used, 16CCE is also not available for one monitoring occasion.

The the demodulation performance of AL=8 for 700MHz is checked, since it has poor demoulation performance than 4GHz, as shown in figure.3. it can be seen that without compact DCI, the required SNR for TDL-C and TDL-A are -1.2dB and 1.4dB, which means the BLER target of 10-5 cannot be fulfilled for cell edge UEs, since the 5th percentile DL geometry for 700MHz values from -2.2~-2.14dB. It is observed that compact DCI (from 40bits to 24bit) could provide about 1dB gain and one time repetition with soft combining could provide about 2dB gain. However, even with compact DCI, the required SNR for TDL-A 30ns is 0.5dB, or with one repetition, the required SNR for TDL-A 30ns is -0.5dB, which still cannot ensure reliability requirement for cell edge UEs. Therefore, PDCCH repetition among different monitoring occasion should be supported. It can be seen from figure.3 that more than once repetitions are required to achieve the reliability of 10-5.
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                           (a), TDL-C,300ns, AL=8                                                  (b), TDL-A,30ns, AL=8
Figure 3: PDCCH performance with AL=8 
Proposal 1: PDCCH repetition among multiple monitoring occasions should be supported and configurable.
3. Conclusion
In this contribution, the necessary of supporting PDCCH repetition is discussed, and the following proposal is made,
Proposal 1: PDCCH repetition among multiple monitoring occasions should be supported and configurable.
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5. Appendix
Table.3 evaluation parameters

	Parameters
	Value

	DCI payload
	40bits/24bits

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz, 700MHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	16/8 CCE

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic

	Channel model
	TDL-A (delay spread: 30ns)

TDL-C (delay spread: 300ns)

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

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