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Introduction
The WI on New Radio (NR) Access Technology was approved at RAN #75. The objective of this WI is to specify the NR functionalities for eMBB and URLLC. As for URLLC, the target is to meet the performance requirements on latency and reliability set forth by [1], this would require specific considerations on both the control channel and data channel. In this contribution, we discuss the DL control channel design for URLLC while DL HARQ and link adaptation are discussed in our companion contributions [2][3]. 
Discussion
[bookmark: _Ref129681832]Reliability requirement
During the SI phase, a high-level agreement on NR-PDCCH for URLLC was achieved 
· 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 
Although there is consensus on defining a compact DCI format targeting low BLER operation, it is unclear how reliable the DL control channel should be, i.e. value of Y is still FFS. The reliability requirement of NR-PDCCH for URLLC was analyzed in [4][5]. A general observation is that the reliability requirement of NR-PDCCH for URLLC should be increased compared to PDCCH in LTE (1%). Moreover, as indicated in [6], it is deemed necessary to support both single-shot and multi-shot transmissions even if single-shot transmission is not the best choice from spectrum efficiency point of view. Therefore, the operating BLER of NR-PDCCH for URLLC, i.e. Y, should be smaller than 1e-5 in order to support single-shot transmission case.
Proposal 1: The operating BLER of NR-PDCCH for URLLC, i.e. Y, should be smaller than 1e-5 in order to support single-shot transmission. 
False alarm
To guarantee the high reliability of URLLC transmission, the false alarm issue of NR-PDCCH (i.e., A UE not being scheduled but falsely detects a DL assignment or an UL grant) needs to be studied. In LTE, a UE detects its PDCCH by checking a 16-bit length CRC. Assuming the number of blind detection attempts is M, the probability of false alarm can be approximated by . When the UE falsely detects a DL assignment, it will fail to decode the corresponding PDSCH and may save the invalid data in its soft buffer. The corrupted HARQ buffer may invalidate the subsequent “real” (re)transmission(s). For example as shown in Figure 1, a UE falsely detects a DL assignment indicating the same HARQ process, NDI value and TBS as the directly subsequent “real” initial transmission. The exact probability for the above error case caused by false alarm would depend on detailed design for URLLC, e.g. NR-PDCCH and HARQ design. Hence one should study whether the false alarm of NR-PDCCH will have an impact on the robustness considering the detailed designs for URLLC. If something needs to be done, either increasing the CRC length or introducing schemes to help the UE discover the false alarm event could be considered.
Proposal 2: Study whether the false alarm of NR-PDCCH will have an impact on the robustness for URLLC.


[bookmark: _Ref477191077]Figure 1. Illustrations of false alarm issues - buffer contamination in DL transmission
DCI format design 
It was agreed that a compact DCI format will be supported for URLLC. In this section, we provide some details of the DCI format design. First of all, due to the tight latency and reliability requirement, it is more favorable to allocate a larger bandwidth to the URLLC packet so that it can be transmitted in a timely manner with guaranteed reliability. In this case, the flexibility of resource allocation becomes less critical. Compared to the type 0/1/2 resource allocation in LTE where the frequency granularity is one or several PRBs (RBG), a much coarser frequency granularity can be adopted. One straightforward solution is to increase the RBG size and the resource allocation bit field can be reduced accordingly. Besides, the typical packet size for URLLC traffic is generally smaller than eMBB. Hence it is possible to indicate a limited number of transport block sizes. Without pursuing high peak data rate, one could rely on single TB transmission, i.e. only one set of NDI, HARQ process and MCS bit fields is needed. 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. However, as discussed below, it is possible to transmit these DCI fields separately apart from the compact DCI. 
In addition to reduce the DCI bit field, one could consider the compact DCI format design from another perspective. As an example, the information content of the DCI can be divided into two categories: the first category consists of 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. 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 [4], 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 divide 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. It should be noted that this solution was already listed one of the alternatives in [7].
[bookmark: _GoBack]Proposal 3: Consider the following possibilities in the compact DCI format for URLLC: 
· Reduce the number of bits for resource allocation
· Use single TB transmission
· Reduce the number of bits for the HARQ processes and MCS
· Only include the DCI fields that relates to DL data reception directly 
· The remaining DCI fields can be transmitted with NR-PDSCH if present
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. 
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Figure 2 DCI monitoring occasions for eMBB and URLLC
Proposal 4: 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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In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals
Proposal 1: The operating BLER of NR-PDCCH for URLLC, i.e. Y, should be smaller than 1e-5 in order to support single-shot transmission. 
Proposal 2: Study whether the false alarm of NR-PDCCH will have an impact on the robustness for URLLC.
Proposal 3: Consider the following possibilities in the compact DCI format for URLLC: 
· Reduce the number of bits for resource allocation
· Use single TB transmission
· Reduce the number of bits for the HARQ processes and MCS
· Only include the DCI fields that relates to DL data reception directly 
· The remaining DCI fields can be transmitted with NR-PDSCH if present
Proposal 4: 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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