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Introduction
In RAN1 NR Adhoc meeting, the following agreements are made for reliability of downlink control channel:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements
In RAN#75 meeting, , one of the specification objective is shown as following:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76 
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques

In this contribution, we give our analysis and consideration of downlink control channel for URLLC.
Discussion
URLLC transmission is required to achieve both low latency and high reliability. As shown in 3GPP TR 38.913, A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms. 
From the reliaibility perspective, the requirement of control channel design of URLLC is more strict than data transmission. To get higher reliability, one straight forward way is lower the MCS level , so much higher aggregation level for URLLC can be considered, the other way is tomake the DCI payload size smaller, so compact DCI format can also be consiered, at the same time reducing the blockage probability should also be consiered.
From the latency perspective, since mini slot can help to reduce the user plane latency, the key issue for designing of control channel is that the data should be transmitted in a short time. so given the compact DCI for URLLC UEs, the UEs need to monitor downlink control channel more frequently than eMBB so that it can be scheduled in a short time to satisfy the latency requirement.

Compact DCI 
To reduce the payload size of DCI, the compact DCI format targeting lower BLER operation need to be defined.
Since the URLLC service is to be scheduled in a mini slot level, and need to be transmitted in a short time, then the resource for URLLC UEs should be firstly allocated in frequency domain, the PRG is larger in frequency level, so the definition and the size of RBG used for URLLC scheduling may be different from eMBB, and the DCI bits for RB resource allocation information can be reduced. 
On the other hand, since the characteristics of URLLC require lower coding rate and modulation level ,the URLLC service need not to be as flexible link level adaptation as eMBB service, so the bit field for MCS can also be reduced. and also URLLC require limited HARQ processes, so the range of HARQ process number fields for URLLC can be smaller than those of eMBB.
Since the packet size for URLLC is smaller than eMBB, the transmission block number can be limited to 1, which could also reduce the bit number of compact DCI.
Proposal 1: Compact DCI need to be specified for URLLC, and the bit size of compact DCI can be reduced.


High aggregation level 
Assuming the same DCI payload size, increasing the aggregation level to 16 or 32 can also achieve low BLERs. The specific higher aggregation level need to be evaluated based on the DCI size and other factors. 
To reduce the blind decoding complexity, it is recommended that higher aggregation level is only specified for the UEs supporting URLLC service.
Proposal 2: Higher aggregation level(e.g. 16 or 32) need to be evaluated and specified.

Blockage probability reduction
Higher aggregation level may introduce large number of blind decoding, so the method of blockage probability reduction need to be considered. 
If UE specific search space is orthogonal, the blockage probability can be reduced. Considering overall number of served UEs is expected to be much smaller than for eMBB due to the strict requirements which cannot be fulfilled by serving many UEs, it is feasible for gNB dynamically configure different URLLC UEs with orthogonal UE specific search space.
Proposal 3: Orthogonal UE specific search space can be configured to reduce blockage probability.

UEs supporting eMBB and URLLC simultaneously
For those UEs supporting eMBB and URLLC services simultaneously, they can be configured with one or more control resource set based on the services needed, and each control resource set could be configured specific monitoring occasions and aggregation levels. 

Conclusion
In this contribution, we give our analysis of URLLC control channel design to satisfy both the latency and reliability requirement, and the following proposals are given:
Proposal 1: Compact DCI need to be specified for URLLC, and the bit size of compact DCI can be reduced.
Proposal 2: Higher aggregation level(e.g. 16 or 32) need to be evaluated and specified.
Proposal 3: Orthogonal UE specific search space can be configured to reduce blockage probability.
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