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1 Introduction

To avoid limiting NR performance the PDCCH for scheduling URLLC data has to be more reliably received than the data transmission itself. Introduction of a compact DCI Format is one solution to achieve high reliability without automatically increasing overhead. This contribution discusses the fields to be included in a compact DCIs for DL and UL scheduling.
2 Size reduction based on fall-back DCIs
Compact DCI Formats can be used for both DL and UL. As a starting point, the following discusses the potential size reduction of the fields compared with fall-back DCIs Formats 0_0 and 1_0.
DL & UL
· MCS, Frequency-domain and Time-domain resources

The size of MCS field can be reduced by limiting the number of possible MCS. MCS set with a fine granularity of 1dB has been specified for eMBB. The demand on redundancy to meet the requirements of URLLC decreases the potential gain from such fine granularity. Especially the MCS intended for the high SNR region can be reduced. Similarly, the granularity for resource allocation in both the frequency-domain and time-domains can be reduced. In general, the gNB needs to apply enough additional redundancy in resource allocation to overcome the possible estimation error on SINR calculation for MCS selection. Considering the potential dynamic change of interference power, a rougher granularity of MCS and resource allocation can be used for URLLC than is appropriate for eMBB. 
· HARQ process and redundancy version 
Basically, low latency operation requires fast HARQ round trip time. Consequently, the number of HARQ process can be reduced in comparison with that of eMBB. In addition, the number of possible redundancy versions may also be reduced without a large negative impact.
DL only

· PUCCH resource indicator

In DCI format 1_0, up to 2 bits are used for PUCCH resource indicator to enable the flexibility of optimization on assignment of PUCCH resource. Such flexibility may improve the utilization efficiency of frequency resource due to the statistical multiplexing gain. This field may be shortened or removed at the expense of such kind of potential gain, particularly since the number of active users sharing the PUCCH resource is likely to be smaller for URLLC than eMBB.  Moreover, there will be only a few bits of HARQ-ACK for URLLC and the LTE mechanism, i.e. no PUCCH resource indicator, can be simply reused.
· PDSCH-to-HARQ feedback timing indicator and Downlink Assignment Index 
At least for FDD, the PDSCH-to-HARQ feedback timing indicator can be removed by fixing the HARQ timing for the transmission of URLLC data. For TDD, the possible combination of PDSCH-to-HARQ feedback timing indicator and DAI is also limited because a configuration with too much bias between DL and UL cannot support URLLC in both DL and UL.
Observation 1
Size reduction of the following field can be considered for compact DCIs.
· MCS 
· Frequency-domain and Time-domain resources

· HARQ process 
· Redundancy version
· PUCCH resource indicator

· PDSCH-to-HARQ feedback timing indicator
· Downlink Assignment Index

3 Fields not included in fallback DCI
Some fields which are not included in the fallback DCIs may also need to be considered.
· Indication for Repetition
To meet the requirement of URLLC for low SNR UE, HARQ-less repetition can be used either in addition to or instead of new MCS with low code rate. The number of repetitions may be changed adaptively. For example, from the viewpoint of frequency efficiency, for a certain UE the gNB may schedule HARQ-less repetition only when the time budget for a packet does not allow HARQ based transmission due to a temporally long queue. For DL, repetition in the frequency domain in addition to time domain may also be considered.
· UL DAI
Considering the low latency transmission of HARQ-ACK for DL URLLC, it is useful to support UCI piggyback also on PUSCH associated with a compact DCI. Since the HARQ-ACK occurs occasionally, UL DAI can be used to indicate the ON/OFF of the piggybacking of HARQ-ACK. Simulation results also show that a small amount of UCI can be piggybacked on PUSCH with URLLC data without a large negative impact on the reliability of URLLC data [1]. 
Observation 2
A compact DCI may contain some elements which are not included in a fallback DCI. Examples include indication of repetition and UL DAI.
Proposal 1 Consider to generate compact DCI Formats based on size reduction of fallback DCI Formats plus minimum additional fields.
4 Conclusions
In this contribution we discussed the fields in compact DCI. According to the above discussions, we have the following observations and proposals:
Observation 1
Size reduction of the following field can be considered for compact DCIs.

· MCS
· Frequency-domain and Time-domain resources
· HARQ process

· Redundancy version
· Downlink Assignment Index

· PUCCH resource indicator

· PDSCH-to-HARQ feedback timing indicator

Observation 2
A compact DCI may contain some elements which are not included in a fallback DCI. Examples include indication of repetition and UL DAI.
Proposal 1 Consider to generate compact DCI Formats based on size reduction of fallback DCI Formats plus minimum additional fields.
References

[1] R1-1801895, “Simulation results of UCI piggyback on PUSCH with URLLC data”, Fujitsu, Feb. 2018 
1

