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1 Introduction

In RAN #80, a SI [1] was approved for NR URLLC including the following objective: 

· “PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability”
In this contribution, a number of PDCCH enhancements are discussed and proposed.
2 Discussion
To achieve the overall reliability target of 10-5, two PDSCH BLER targets were defined for NR URLLC in Rel-15, i.e., 10-1 and 10-5, and considering the tight latency requirement, there is normally only one chance for retransmission (two attempts in total) in most cases. It is our understanding that commonly the gNB may schedule the initial PDSCH transmission with a target BLER of 10-1 and the retransmission with a target BLER of 10-5.
For 10% PDSCH BLER, 1% DCI BLER is acceptable as the existing requirement of eMBB. But DCI BLER is also related to the false alarm rate of PUCCH. Assuming a DCI is lost, the UE will not indicate either ACK or NACK but the gNB will still try to detect the PUCCH and if a false alarm happens with an ACK detected, the gNB will stop further retransmission with the TB lost. For 1% DCI BLER, D2A (DTX to ACK) needs to be no higher than 10-3 but it is also possible to have a relaxed D2A such as 10-2 by reducing the DCI BLER to 10-3. 

For 10-5 PDSCH BLER, the DCI BLER needs to be less than 10-5.

As a summary, DCI reliability needs to be either 10-2 or 10-3 for initial transmission and less than 10-5 for retransmission. In our view, DCI reliability only needs to be enhanced when it is used for retransmissions or one-shot transmissions, including HARQ-less repetitions. 
Proposal 1: it is proposed to enhance the DCI reliability only when it is used for retransmissions.    
To enhance the DCI reliability, both PDCCH repetition and compact DCI were well discussed. In our view, PDCCH repetition can be used together with PDSCH repetition as discussed in our companion contribution [2] and compact DCI can be used with HARQ based retransmission. In this contribution, compact DCI only is considered for the HARQ based retransmission. 
When compact DCI is used for retransmissions, it can be considered to reduce its size by taking advantage of what was received in the DCI of the initial transmission and only the relative difference can be indicated. Using MCS as an example, if MCS #L was used in the initial transmission, MCS #L-N (MCS #0 if L-N < 0) can be used in the retransmission, where N is pre-configured or hard coded. This increased redundancy with N steps fallback should be just enough to meet the BLER difference from 10-1 to 10-5. Without losing flexibility, the MCS field in the compact DCI can be redefined with a new value n so as MCS #L-N+n is used by the retransmission, where n is valued in a much smaller range and the size of the MCS field is reduced accordingly. The exact number of bits can be determined with the trade-off between DCI size and flexibility taken into consideration. 

When compact DCI is used for either retransmissions or one-shot transmissions, the PDSCH must be very robust, a big amount of resources need to be scheduled, and in that case, fewer bits can be used for the resource assignment fields of both frequency and time domains. For instance, resource assignment fields can be indicated from a set of pre-configured resources rather than a RIV which is capable to indicate any RB allocation. All other fields can be reviewed similarly. 
Proposal 2: it can be considered to reduce the compact DCI size by referring to either the old values in the DCI of the initial transmission or a set of pre-configured values.    
For HARQ based retransmissions, compact DCI is only used for retransmissions. To reduce the number of blind detections, the UE only tries to detect a compact DCI first in the TTI where a retransmission is expected after a NACK is indicated, and other DCI formats next. The UE may need to do double blind detections in the case that the indicated NACK is not received by the gNB. It happens with a probability of N2D (NACK to DTX), and as discussed in our companion contribution [3], N2D may be around 1% when the channel quality is bad and can be dramatically reduced with the proposed enhancement. UE complexity and power consumption could be increased with double blind detection in some rare cases but reduced with compact DCI in all other cases. At the gNB side, compact DCI is used to schedule a retransmission in the TTI where a retransmission is expected by the UE after a NACK received.
For one-shot transmissions, compact DCI can be used and it can be enabled by an upper layer message. Once it is configured, the UE shall do the blind detection of compact DCI first and other DCI formats next. 
Proposal 3: it can be considered to configure compact DCI to be used for retransmissions and/or one-shot transmissions.    
3 Conclusions
A number of enhancements for compact DCI were discussed and based on our discussion, we have the following proposals:  

Proposal 1: it is proposed to enhance the DCI reliability only when it is used for retransmissions and/or one-shot transmissions.    
Proposal 2: it can be considered to reduce the compact DCI size by referring to either the old values in the DCI of the initial transmission or a set of pre-configured values.    
Proposal 3: it can be considered to configure compact DCI to be used for retransmissions and/or one-shot transmissions.    
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