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1. Introduction
In RAN1 92 meeting, PDCCH repetition was discussed and the following agreements are achieved.

Conclusion:

· Discuss further in the next meeting whether or not to support PDCCH repetition

· Companies are encouraged to perform more evaluations/analyses 

Agreements:
· To study the necessity of compact DCI and PDCCH repetition, the following link-level simulation assumptions are provided.
In this contribution, it is discussed whether or not to support PDCCH repetition.
2. Scenario of PDCCH reliability enhancement
In NR, multiple aggregation levels have been defined to match various channel condition and meet PDCCH reliability requirement. Although PDCCH reliability requirement for URLLC is different from that of eMBB, existed aggregation levels are enough for UE with middle and high SINR. Additional PDCCH reliability enhancement maybe benefit for a few edge-UE 

Though latency requirement is very low, considering short time duration for data, larger subcarrier spacing and advanced processing time, HARQ transmission is feasible. And HARQ transmission is more efficient than one shot transmission and can reduce resource blockage, which is also one bottleneck for low latency. So HARQ transmission should be supported for URLLC. For HARQ transmission case, PDCCH reliability can be released, such as PDCCH BLER can be larger than 10^(-5). Therefore, additional PDCCH reliability enhancement is not necessary for HARQ transmission.
Proposal 1: PDCCH reliability enhancement maybe benefit only for one-shot transmission case for edge UE.
3. Reliability enhancement schemes 
According to above discussion, PDCCH reliability enhancement maybe benefit for one-shot transmission case for edge UE.

To obtain the ultra-reliable transmission, one way is to limit the DCI payload to a much lower level than normal DCI, e.g. ≤30 bits, which have been discussed in compact DCI topic. Another way is to transmit more redundancy bits by sacrificing spectral efficiency, such as higher aggregation levels. In NR, aggregation level 16 is added and PDCCH is more reliable than LTE.
[2] shows the performance of PDCCH for TDL-B 300ns 3kmph fading channel with 2Rx and 4 Rx antennas and it can be seen that BLER of lower than 10-5 can be achieved with SNR of less than -5dB and -7 dB ,which is well below the system level 5th SINR percentile value of approximately -2.4dB. Moreover, overhead was assumed as 49 and 39 bits, however, compact DCI may reduce overhead to 30 bits or less and reliability can improve further.
Proposal 2:  High aggregation level and Compact DCI can improve PDCCH reliability.

4. PDCCH repetition schemes

Generally, there are two schemes to implement PDCCH repetition. One is to repeat in frequency domain. Another is repeat in time domain, such as over multiple slots. In terms of UE implementation and complexity, repetition in frequency domain is preferred due to easy to combine multiple PDCCH and less latency. But it hardly differs from higher aggregation level. For repetition in time domain, additional mechanisms are needed to do soft combing, for example, how to determine soft combining or not, where first PDCCH starts and buffer the whole bandwidth data and PDCCH in each slot. Moreover, it will add the latency for data decoding.
Proposal 3: PDCCH repetition leads additional specification and implementation complexity, especially for PDCCH repetition in time domain.
5. Conclusions
In this contribution, we will develop an analysis on PDCCH repetition for URLLC. The relevant proposals include:
Proposal 1: PDCCH reliability enhancement maybe benefit only for one-shot transmission case for edge UE.

Proposal 2:  High aggregation level and Compact DCI can improve PDCCH reliability.
Proposal 3: PDCCH repetition leads additional specification and implementation complexity, especially for PDCCH repetition in time domain.
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