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Introduction
The objective of the NR WI is to specify the NR functionalities for eMBB and URLLC. In this contribution, we discuss the DCI design for URLLC while the UE procedure of NR-PDCCH monitoring is discussed in our companion contributions [1]. 
Discussion
[bookmark: _Ref129681832]Reliability requirement
During the SI phase, the following 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 
Though 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 [2] [3]. 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 [4], it is deemed to be necessary to support both HARQ-less and HARQ-based transmissions even if HARQ-less 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 HARQ-less 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 HARQ-less 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 that need specific considerations. 
Frequency domain resource allocation: Due to the tight latency and high 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. 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. In particular, it can be an integer multiple of the RBG size for eMBB resource allocation.
Time domain resource allocation: For time domain resource allocation, the DCI will provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH transmission. To support PDSCH repetition, the number/pattern of repetitions needs to be indicated [4]. To minimize the overhead for this indication, implicit indication from aggregation level of the detected DCI can be considered. It is known that different aggregation levels represent different coding rates of the detected DCI accommodating to different channel qualities and are applied for UEs in different coverage. Hence, it is possible to use the detected aggregation level of DCI to indicate the repetition number of the scheduled PDSCH as long as they experience the similar channel. 
HARQ process number, NDI and MCS/TBS: 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 for URLLC, i.e., only one set of NDI, HARQ process number and MCS/TBS bit fields is needed. 
HARQ-ACK timing: To reduce the DCI overhead, the HARQ-ACK timing field can be considered to be removed in the compact DCI, i.e., pre-defined timing can be used. For FDD, the rules appear to be straightforward. For TDD, as the slot format may vary dynamically, some extra considerations are needed. The details of the HARQ-ACK timing design can be found in [6]. 
Other DCI field: For TPC field, HARQ-ACK timing, PUCCH resource allocation and the SRS triggering field, it is possible to transmit these DCI fields separately apart from the compact DCI as discussed below.
One example of DL DCI format is given in Table 1 where a set of condensed scheduling information is conveyed.
[bookmark: _Ref470088725]Table 1 Example of DL DCI format design for URLLC
	DCI field
	NDI
	HARQ process
	MCS/TBS 
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ-ACK timing 
	PUCCH resource
	SRS triggering
	TPC 
	CRC
	Total payload size

	# bits
	1
	3
	2
	6
	2
	4
	2
	2
	2
	24
	46


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 relates 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 [2], there is around 4dB difference between 1e-3 and 1e-5 BLER for a DCI payload size of 24 bits with AL 1. A relaxed BLER requirement can be translated to resource saving, e.g., at 0dB SNR, 1e-5 BLER requires AL=2 for 24 bits while1e-2 BLER only require AL=1, the saved resources can be used for data transmissions to further improve the data reliability.
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 relates 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 [5].
Proposal 2: 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
Another issue regarding the compact DCI is whether the size of the format is close to the size of the fallback DCI. In principle, it is preferable that two DCI formats can share the same DCI format to reduce the number of DCI formats. 
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As discussed in section 2.1, the NR-PDCCH reliability requirement for URLLC is high for HARQ-less transmission where the DCI is transmitted only once. This will most likely require a higher AL and result in increased blocking probabilities if the control resource set is shared with other UEs. To alleviate the NR-PDCCH reliability requirement, one possible way is to transmit the NR-PDCCH multiple times as shown in Figure 2. As an example, the first NR-PDCCH schedules L NR-PDSCH repetitions, the second NR-PDCCH schedules the rest K-1 repetitions and so on. The UE missing the first NR-PDCCH will attempt to decode the NR-PDCCH in the subsequent transmissions. URLLC UEs should be able to derive TBS information from each repeated NR-PDCCH. In addition, even if the UE successfully detects the NR-PDCCH scheduling a number of repetitions, the UE needs to monitor NR-PDCCH since the gNB may change MCS, resource allocation for the subsequent transmissions as proposed in [4].
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Figure 1. NR-PDCCH transmission for PDSCH repetitions
Proposal 3: A UE can be configured to monitor NR-PDCCH at each repetition occasion in case NR-PDSCH repetition is configured. 
Conclusion
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 HARQ-less transmission. 
Proposal 2: 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 3: A UE can be configured to monitor NR-PDCCH at each repetition occasion in case NR-PDSCH repetition is configured.
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