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1 Introduction

The performance requirement of URLLC has been captured in [1], which is cited as following:

· Latency requirement: For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture. 
· Reliability requirement: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
In order to achieve the design target for URLLC, the PDCCH associated with URLLC should be carefully considered. At RAN#78, the scope for URLLC work in Rel-15 was endorsed in [2] and the following was agreed to be included:
· Study and specify if gains are identified 

· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data 

· 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, we will provide our views on the URLLC PDCCH focusing on the repetition method.
2 Discussion
As defined in the TR38.913, “A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.” Considering the one short transmission case, the reliability could be addressed as PE=1-(1-PC)*(1-PD), wherein PE, PC and PD denotes the overall error probability, control channel error probability and data channel probability respectively. It can be seen that the reliability of URLLC PDCCH is a crucial factor which should be lower than 1-10-5 in order to meet the target reliability requirement.  In the scope for URLLC work in Rel-15 that has been endorsed at RAN#78, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space should be further studied. There are different schemes for applying repetition, e.g. time domain repetition, frequency domain repetition and spatial domain repetition. Combining gain could be achieved by different method of repetition.
Time domain repetition could introduce some combination gains and enhance the coverage. As shown in the figure 1, the repeated PDCCH could be transmitted in the same search space or different search spaces in the different monitoring occasions. When different search spaces are configured for PDCCH repetition, they can be transmitted in the same or different CORESET(s). Additionally, the repetition factor K is associated with reliability as well as latency, which should be carefully determined.
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Figure1: examples for time domain PDCCH repetition

Observation 1: Same DCI could be transmitted with same or different search spaces in different PDCCH monitoring occasions.
Frequency domain PDCCH repetition could be conducted within a single CORESET or different CORESETs in the same monitoring occasion.  When the PDCCH is repeated in the same CORESET, different PDCCH candidates should be used to transmit the same DCI. As the several PDCCH candidates are transmitted within the same CORESET, the frequency diversity gain seems to be limited. Furthermore, considering the additional CRC for each repeated PDCCH, maybe transmit the DCI with a single larger aggregation level is a better choice. On the other hand, the PDCCH repetition achieved by different CORESETs could obtain more frequency diversity gain.
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Figure2: examples for frequency domain PDCCH repetition
Observation 2: Same DCI could be transmitted in the same PDCCH monitoring occasion within different CORESETs which have a single QCL.
Another option for PDCCH repetition is the same PDCCH could be transmitted in the different CORESETs which have different QCL parameters. From this perspective, spatial diversity gain could be achieved. One example is shown in figure 3, the repeated PDCCHs could be configured with same or different monitoring occasion(s) and each PDCCH is transmitted in the separate CORESET.
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Figure3: examples for spatial domain PDCCH repetition
Observation 3: Same DCI could be transmitted in the same PDCCH monitoring occasion within different CORESETs which have different QCLs.

As analyzed above, PDCCH repetition could be conducted in different ways with considering the latency requirement.
Proposal: PDCCH repetition could be conducted in time domain, frequency domain or spatial domain. The details are FFS.
3 Conclusion
This contribution discussed some possible methods to conduct PDCCH repetition. Some observations are obtained and listed as follows:
Observation 1: Same DCI could be transmitted with same or different search spaces in different PDCCH monitoring occasions.

Observation 2: Same DCI could be transmitted in the same PDCCH monitoring occasion within different CORESETs which have a single QCL.
Observation 3: Same DCI could be transmitted in the same PDCCH monitoring occasion within different CORESETs which have different QCLs.

In addition, we have the following proposal:

Proposal: PDCCH repetition could be conducted in time domain, frequency domain or spatial domain. The details are FFS.
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