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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. 
[bookmark: _Hlk485323842]Performance of DL control channel is crucial for meeting URLLC requirements as discussed in [3]. In this contribution, we 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. So far, NR specification added support for PDCCH with aggregation level (AL) up to 16. The discussion about supporting smaller DCI size in the form of compact DCI is still 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) [4]. This enhanced UE capability can greatly improve the performance of NR physical channels, including PDCCH. 

1. [bookmark: _Toc503186895][bookmark: _Toc503181539][bookmark: _Toc503180883][bookmark: _Toc503180829][bookmark: _Toc503180823][bookmark: _Toc503180759][bookmark: _Toc503180746][bookmark: _Toc503180666][bookmark: _Toc503180638][bookmark: _Toc503180282][bookmark: _Toc503179294]Existing PDCCH design and improved UE capability in terms of increased no. of receive antennas provide a strong basis for PDCCH reliability enhancement fulfilling URLLC requirements. 
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 the low AL if repetition is done with different ALs. 
Repetition in time, especially across multiple slots may lead to high latency and is not suitable for URLLC. Repetition over multiple symbols in a slot can be considered as equivalent to an increase in AL, but without any coding gain and with additional CRC overhead.
Repetition in frequency can provide extra frequency diversity gain especially if multiple CORESETs or search spaces can be configured flexibly. 
For exact repetition of PDCCH over multiple CORESETS, if the resource mapping configuration between CORESETs is fixed, it would be possible to limit no. of blind decoding attempts only to one CORESET. The UE can make use of the fact that the other CORESET has the same structure and can be directly inferred to and combined with. In this case, blind decoding complexity remains the same, but the resource configuration flexibility may be limited.

1. [bookmark: _Toc503186896][bookmark: _Toc503181540][bookmark: _Toc503180884][bookmark: _Toc503180830][bookmark: _Toc503180824][bookmark: _Toc503180760][bookmark: _Toc503180747][bookmark: _Toc503180667][bookmark: _Toc503180639][bookmark: _Toc503180283][bookmark: _Toc503179295]PDCCH repetition provides extra robustness for DL control information in general but also requires extra resources in time, frequency, or space. 
1. [bookmark: _Toc503186897][bookmark: _Toc503181541][bookmark: _Toc503180885][bookmark: _Toc503180831][bookmark: _Toc503180825][bookmark: _Toc503180761][bookmark: _Toc503180748][bookmark: _Toc503180668][bookmark: _Toc503180640][bookmark: _Toc503180284][bookmark: _Toc503179296]PDCCH repetition can lead to additional UE complexity regarding PDCCH monitoring and blind decoding.

Essentially, PDCCH repetition provides similar effect to increasing the AL which lowers the code rate and improves PDCCH performance. Note that although using high AL also increases 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. 
1. [bookmark: _Toc503186898][bookmark: _Toc503181542][bookmark: _Toc503180886][bookmark: _Toc503180832][bookmark: _Toc503180826][bookmark: _Toc503180762][bookmark: _Toc503180749][bookmark: _Toc503180669][bookmark: _Toc503180641][bookmark: _Toc503180285][bookmark: _Toc503179297]Increase in AL provides similar enhancement as PDCCH repetition. 

Existing PDCCH design such as support for AL16 and potential support for compact DCI together with the assumption of 4 RX antenna at the UE may be sufficient for PDCCH performance to fulfil the URLLC requirement. Considering that URLLC UE is expected to have even higher capability than UE supporting only eMBB, it could be possible that no further PDCCH enhancement for URLLC may be required. 

1. [bookmark: _Toc503181543][bookmark: _Toc503180887][bookmark: _Toc503180286][bookmark: _Toc503179299]Further study the requirement and performance of URLLC PDCCH based on AL16 and support of compact DCI and even higher UE capability to identify the need of PDCCH repetition. 

1. Conclusion
In section 2 we made the following observations
Observation 1	Existing PDCCH design and improved UE capability in terms of increased no. 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	Increase in AL provides similar enhancement as PDCCH repetition.

Based on the discussion in section 2 we propose the following:
Proposal 1	Further study the requirement and performance of URLLC PDCCH based on AL16 and support of compact DCI and even higher UE capability to identify the need of PDCCH repetition.
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