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Introduction
The physical DL control channel design for NR has been discussed since RAN1 #86bis including channel structure, DMRS and search space. However, the current discussion has not taken URLLC specific aspects into account. In [1][2], we provided an analysis of necessity and performance requirement of control channels for URLLC. Several potential ways to improve the control channel reliability were identified and some considerations on DCI format design were provided. In this contribution, we provide some further details of DCI format design, DCI monitoring and blind detection for URLLC. 
Discussion
[bookmark: _Ref129681832]Reliability requirement
As shown in [2], the reliability requirement of control channel carrying DL assignment should be increased compared to current LTE requirement (1%) for both single-shot and multi-shot transmissions. Moreover, as proposed in [3], both single shot and HARQ retransmissions should be supported. Therefore, the design target for the DL assignment should at least meet 99.999% reliability requirement in order to support single shot transmission case.
Observation 1: The reliability requirement for the DL assignment should exceed 99.999% in order to support single shot transmission. 
For control channel carrying ACK/NACK feedback, the ACK missed detection results in unnecessary data retransmissions and has limited impact to reliability. The NACK to ACK error leads to RLC retransmission which could incur a delay of tens of milliseconds. However, the NACK to ACK error only happens when there data channel is not correctly decoded. As an example, if the error probability of data channel is 1%, the requirement of NACK to ACK error in LTE (0.1%) could still be acceptable.
Observation 2: The requirement of NACK to ACK error is dependent on data channel reliability.
DCI format design 
Reducing the DCI payload size is an efficient way to improve the robustness of the DL control channel as shown in [2]. In the following, we provide some further details of DCI format design. For URLLC, it is preferable to allocate a larger bandwidth to each UE so that each packet can be delivered as soon as possible. The resource allocation field can be reduced with a much coarser granularity. Besides, the typical packet size for URLLC traffic is generally smaller than eMBB traffic. Hence it is possible to define a limited number of transport block sizes and use one set of NDI, HARQ process and MCS bit fields. The number of HARQ processes can also be limited. In addition, the TPC field, HARQ-ACK feedback includes the timing and resource allocation and the SRS triggering field may still be needed. 
Proposal 1: A compact DCI format can be considered targeting URLLC where a set of condensed scheduling information is conveyed.
[bookmark: _GoBack]On a higher level, the information content of the DCI can be divided into two categories: the first category consists of control information that relates to DL data reception directly, i.e. the UE needs to know this information in order to perform data demodulation and decoding. For URLLC, it will be beneficial for the UE to acquire this information at the earliest possible time so that the data detection can start accordingly. This category can include the time-frequency resource allocation of data, HARQ process ID, NDI, MCS, redundancy version, etc. The second category consists of the rest of the control information that does not relate to data reception directly. This category can include TPC for UL control channel, ACK/NACK timing/resource, SRS request, etc. In general, the reliability requirement of the second category can be more relaxed compared to the first category since there is no direct impact on data channel detection. It should be noted that the required SINR(s) to ensure different reliability targets are quite different. As shown in [2], there is around 4dB difference between 1e-3 and 1e-5 BLER for a DCI payload size of 24 bits with AL 1.
Based on the above analysis, one could consider splitting the DCI into two parts. The first part consists of the control information that relates to data reception directly and will be transmitted at the beginning of each scheduling interval. The second part consists of the control information that does not related to data reception directly and will be transmitted during or at the end of the data transmission. The second part can be separately or jointly encoded with the data hence the reliability can be optimized differently. In addition, the DMRS can be shared between the data channel and the second part DCI.
Proposal 2: A split DCI format design can be considered for URLLC.
DCI monitoring 
Following the existing agreement, a URLLC UE monitors DL control information in one of more control resource set. However, the DCI monitoring behavior of a URLLC UE may be different from an eMBB UE. As an example, the monitoring periodicity of URLLC can be much shorter than eMBB. Note that it was already agreed that the DL control information monitoring occasions can be configured in a UE-specific manner. Considering that a UE may support URLLC and eMBB at the same time, it is preferred that the monitoring occasions can be configured for each service separately. In general, a UE can be configured with one or more control resource set based on service need. Each control resource set is configured with a certain monitoring occasions associated with a given PDCCH format. 
Proposal 3: A UE monitors DL control information in one or more control resource set(s) wherein each set is configured with a certain monitoring occasions for a given PDCCH format.
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Figure 1 DCI monitoring occasions for eMBB and URLLC
Blind detection 
For URLLC, it may be beneficial to limit the number of BD attempts such that a low decoding latency can be achieved as well as reduced power consumption considering short DCI occasion. For UEs supporting URLLC and eMBB simultaneously, it should be discussed whether a UE needs to monitor URLLC and eMBB DCI in the same slot or mini-slot. If the number of BD attempts is a UE capability similar as FeCA in LTE, the total number of BD attempts does not exceed the UE capability. 
Proposal 4: The potential ways to limit the number of BD attempts can be studied for URLLC.
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In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals
Observation 1: The reliability requirement for the DL assignment should exceed 99.999% in order to support single shot transmission. 
Observation 2: The requirement of NACK to ACK error is dependent on data channel reliability.
Proposal 1: A compact DCI format can be considered targeting URLLC where a set of condensed scheduling information is conveyed.
Proposal 2: A split DCI format design can be considered for URLLC.
Proposal 3: A UE monitors DL control information in one or more control resource set(s) wherein each set is configured with a certain monitoring occasions for a given PDCCH format.
Proposal 4: The potential ways to limit the number of BD attempts can be studied for URLLC.
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