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Introduction
In the 3GPP RAN #80 meeting, a study item about enhancement for NR URLLC was agreed. Following items need to be taken into account,

URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)


Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 


Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)


The following items have been identified to have relationship URLLC but are covered in other study items:
· Multi-TRP transmission
· Mobility improvements for higher reliability
· Beam Management

In this contribution, we present the evaluation results and analyze the design for the PDCCH repetition.

PDCCH repetition
For release 16 URLLC, higher reliability within o.5ms or1ms is up to 1E-6 level. In order to achieve the target BLER, the PDCCH repetition is proposed. Basically, there are several options to perform PDCCH repetition as follows:
· Option 1a: the PDCCH repetition is performed in the frequency domain within the same  CORESET
For this option, the PDCCH repetition is quite similar to increase the aggregation level. It is beneficial from the decoding latency perspective. However, the PDCCH blocking probability is increased. 
· Option 1b: the PDCCH repetition is performed in the frequency domain with different  CORESETs
This option is similar with option 1a with additional diversity gain achieved by different CORESET configurations.
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Figure 1: Illustration of option 1
· Option 2a: the PDCCH repetition is performed in the time domain within the same CORESET
For this option, the UE can be configured with multiple monitoring occasions to receive the repeated PDCCH transmission, or a fast feedback mechanism can be introduced to reduce the PDCCH overhead. The PDCCH blocking problem can be alleviated with the cost of the increased decoding latency.
· Option 2b: the PDCCH repetition is performed in the time domain with different CORESETs
This option is similar with option 2a with additional diversity gain achieved by different CORESET configurations.
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Figure 2: Illustration of option 2


Proposal 1: The PDCCH repetition have impact on the decoding latency and/or PDCCH blocking performance.
Performance evaluation
In this section, we present the evaluation results for both frequency and time domain PDCCH repetition. The following two cases are simulated:
Case 1: PDCCH repetition with AL=8 for a two-symbols CORESET 
· Reference: PDCCH transmission with AL=16 without repetition
· Case 1-1: PDCCH repetition with AL=8 in frequency domain
· Case 1-2: PDCCH repetition with AL=8 in time domain
Case 2: PDCCH repetition with AL=4 for a one-symbol CORESET
· Reference: PDCCH transmission with AL=8 without repetition
· Case 2-1: PDCCH repetition with AL=4 in frequency domain
· Case 2-2: PDCCH repetition with AL=4 in time domain
The performance of the PDCCH repetition is illustrated in Figure 3, detailed simulation setting can be found in the appendix:
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Figure 3: PDCCH repetition performance
Observation:
· Frequency domain PDCCH repetition with AL=4 or 8 have a similar performance with a PDCCH transmission with AL=8 or 16.
· Time domain PDCCH repetition have slight performance loss
· PDCCH repetition does not provide significant performance gain
Proposal 2: PDCCH repetition does not provide significant performance gain from the PDCCH reliability perspective.

Conclusions
In this contribution, we present the discussion on the PDCCH repetition design and the initial evaluation results. Based on our analysis, we have the following proposals:
Proposal 1: The PDCCH repetition have impact on the decoding latency and/or PDCCH blocking performance.
Proposal 2: PDCCH repetition does not provide significant performance gain from the PDCCH reliability perspective.
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Appendix
Table 1: Link level simulation assumptions[2]

	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz,

	Number of symbols for CORESET
	1(for AL8), 2(for AL16)

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	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, LMMSE

	Detection method
	MMSE

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

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx
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