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1. [bookmark: _Ref178064866]Introduction
According to [1], RAN1 should identify techniques for supporting the ultra-reliable part of URLLC requirements set forth in [2] starting in RAN1 NR Ad-hoc#2 meeting in June 2017. Later, [3] provided a scope for URLLC study in NR Rel. 15 covering a few topics including PDCCH repetition. More specifically, it should be identified 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 are necessary.
[bookmark: _Hlk485323842]Performance of DL control channel is crucial for meeting URLLC requirements as discussed in [4]. In this contribution, we emphasize some existing PDCCH enhancements in NR and discuss aspects of PDCCH repetition, its gain, and potential drawbacks. 
1. Discussion
1. Existing PDCCH enhancement
There have been a lot of discussions on NR PDCCH enhancement to improve PDCCH performance for high reliable use cases. So far, NR specification added support for PDCCH with aggregation level (AL) up to 16. The discussion on supporting smaller DCI size in the form of compact DCI with payload smaller than that of the fallback DCI is ongoing. These enhancements ensure robustness for PDCCH transmission by allowing very low rate transmissions of DL control information. 
Moreover, it was recently agreed that for NR the number of receive antenna supported by the UE is 4 by default (at least for a set of frequency bands) [5]. This enhanced UE capability can greatly improve the performance of NR physical channels, including PDCCH. 
Figures 1 and 2 below show the performance of PDCCH with compact DCI for TDL-B 300ns 3kmph fading channel with 2Rx and 4 Rx antennas. More results and simulation assumptions are provided in the appendix.
In Figure 2, with 4Rx and AL16, it can be seen that BLER of lower than 10-5 can be achieved with SNR of less than -7 dB for a reasonable range of compact DCI sizes. We note that SINR at which the BLER requirement needs to be met depends on the deployment in which the URLLC service is operated. The SNR value of -7 dB is for example well below the system level 5th SINR percentile value of approximately -2.4dB for the URLLC configuration B [6] considered in our ITU self-evaluation for DL reliability [7], and thus considered sufficient to fulfill URLLC reliability requirement.
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Figure 1: PDCCH BLER with compact DCI and AL1-AL16, distributed CCE, TDLB-300 ns 3kmh, 2Rx antennas
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Figure 2: PDCCH BLER with compact DCI and AL1-AL16, distributed CCE, TDLB-300 ns 3kmh, 4Rx antennas
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1. PDCCH repetition
There have also been discussions on further enhancement of PDCCH by means of repetition. PDCCH repetition provides extra robustness for DL control information in general but would require extra resources either in time, frequency, or space.  
Repetition of PDCCH could be done for example across 1) multiple CORESETs or 2) multiple search spaces within one CORESET, in time or frequency. The former would require extra CORESET resources and potentially higher complexity of blind decoding when a UE monitors multiple CORESETs at the same time. In the latter case, no extra CORESET resources are needed, but repetition over multiple search spaces would lead to less UE multiplexing capacity, similarly to using high AL. Also, PDCCH performance may be limited by that of the low AL if repetition is done with different ALs. 
Repetition of PDCCH in time can be interpreted in different ways. For example, PDCCH can be repeated in multiple slots associated with each PDSCH repetition. Due to an increase in number of repetitions/retransmissions, the requirement on each transmission can be relaxed. This type of repetition is however not considered as PDCCH enhancement, but rather an option for URLLC data transmission scheme. Another interpretation of PDCCH repetition in time is when PDCCH is repeated over multiple symbols in a CORESET prior to PDSCH transmission. In terms of resource usage, this can be considered as equivalent to an increase in AL. However, the performance gain will be worse than using higher AL due to limited coding gain and additional CRC overhead.
Repetition of PDCCH in frequency may provide extra frequency diversity gain especially if multiple CORESETs or search spaces can be configured flexibly. However, allowing flexible resource configuration will inevitably increase decoding complexity at the UE. Any additional effort to combine PDCCH candidate will increase the complexity even more. Therefore, some pre-configured association between repetitions may be needed, leading to a limited resource configuration flexibility and gain. 
We note that with existing NR PDCCH design, it is already possible to configure distributed CCE mapping to obtain high level of frequency diversity.
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1. [bookmark: _Toc505601515][bookmark: _Toc505603717][bookmark: _Toc505856751][bookmark: _Toc506562041][bookmark: _Toc506579560][bookmark: _Toc506580002]Performance gain from PDCCH repetition is not well motivated.

Essentially, PDCCH repetition provides similar effect to increasing the AL in terms of lowering the effective code rate and thus improving PDCCH performance. Note that although using high AL does increase blind decoding complexity, this can be remedied by limiting the number of PDCCH candidates in a search space for high AL to only a small number. It is also possible to limit the number of PDCCH search spaces in a CORESET to reduce blocking probability.
In conclusion, performance gain from PDCCH repetition is not well motivated given the increase in decoding complexity and additional specification works. Recent PDCCH enhancement such as support for AL16 and potential support for compact DCI together with the NR default assumption of 4 RX antenna at the UE can provide strong improvement for PDCCH performance to fulfil the URLLC requirement. 
It is important to take these aspects into account before considering PDCCH repetition.  Considering that URLLC UE is expected to have even higher capability than those supporting only eMBB, it could be possible that no further PDCCH enhancement for URLLC may be required. 
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1. Conclusion
In section 2 we made the following observations
Observation 1	Existing PDCCH design and improved UE capability in terms of increased number of receive antennas provide a strong basis for PDCCH reliability enhancement fulfilling URLLC requirements.
Observation 2	PDCCH repetition provides extra robustness for DL control information in general but also requires extra resources in time, frequency, or space.
Observation 3	PDCCH repetition can lead to additional UE complexity regarding PDCCH monitoring and blind decoding.
Observation 4	Performance gain from PDCCH repetition is not well motivated.

Based on the discussion in section 2 we propose the following:
Proposal 1	PDCCH repetition is not supported.
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1. Appendix
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Figure A-1: PDCCH BLER with AL1-AL16, distributed CCE, TDLA-30 ns 3kmh, 2Rx antennas
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Figure A-2: PDCCH BLER with AL1-AL16, distributed CCE, TDLA-30 ns 3kmh, 4Rx antennas

[bookmark: _Ref477421090]Table A-1: Link level simulation parameters
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Control Resource Set Bandwidth
	40 MHz

	Sub-carrier Spacing
	15 kHz

	DCI Payload Size
	39,49 bits including 24-bit CRC 

	Modulation
	QPSK

	Channel Coding
	Polar code with CRC-assisted list-8 decoder

	Aggregation Level
	1, 2, 4, 8, 16

	CCE size
	6 REGs or 72 subcarriers with 2 REG per bundle

	Number of OFDM symbols for NR-PDCCH
	1

	Channel Model
	TDL-B, Delay spread 300 ns, UE spread 3 km/h
TDL-A, Delay spread 30 ns, UE spread 3 km/h

	gNB antenna configuration
	2Tx, 2 Rx

	UE antenna configuration
	1Tx, 2,4Rx

	Channel Estimation
	Practical with MRC

	Noise Estimation
	Ideal

	Transmission Diversity Scheme
	1-port Precoder Cycling

	Resource mapping
	Distributed transmission
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