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1 
Introduction
In the RAN1#91 meeting it was agreed to have an email discussion on candidate techniques enabling URLLC for LTE. Related to UL control enhancements the email discussion summary [1] contains discussion and conclusions on PUCCH power control, HARQ-Ack repetition, reduction of Nack-to-Ack probability, scheduling request transmission and UCI transmission on PUSCH. In this contribution our views on UL control enhancements for URLLC are discussed.
2 
Discussion
2.1 HARQ-Ack

As concluded in the email discussion summary [1] URLLC performance cannot be improved by means of HARQ-Ack based retransmissions in the case of the most stringent latency requirements (such as 10-5 within 1ms). In those cases, blind/HARQ-less PDSCH repetition need to be used to improve reliability. In the less stringent latency requirement cases enhancements to HARQ-Ack reliability can be considered. The required reliability for HARQ-Ack considering low BLER PDSCH operation should be studied. The reliability requirement is not necessarily the same for URLLC PDSCH and for URLLC UCI.
PUCCH power control: We assume that typically PUCCH of the UEs that are configured for URLLC is not power limited. It is likely that URLLC PUSCH becomes power limited before PUCCH. Therefore, slightly higher power for PUCCH transmissions related to URLLC transmissions seems possible. The simplest way could be to modify UE specific Po when UE is configured to URLLC. Specification changes are not needed to do this. In order to keep the rise of the interference level as small as possible the increase of PUCCH power could be done so that only power of URLLC HARQ-Ack (and URLLC scheduling request) is increased but the power control of non-URLLC transmissions is not modified. There are multiple ways to implement this in the specification. In order to reduce Nack-to-Ack probability, higher power for Nack transmission could be considered.
HARQ-Ack repetition: HARQ-Ack reliability can be improved and Nack-to-Ack probability can be reduced by repetition. The drawback of the current LTE HARQ-Ack repetition is that it increases latency and prevents the possibility to schedule PDSCH in every TTI. Enhancements may therefore be necessary to enable low latency operation. But the enhancements that enable low latency operation could be rather complicated.
UCI on PUSCH: If the HARQ-Ack on PUCCH is enhanced by e.g. separate power control loop, it is important that the reliability of HARQ-Ack is also enhanced in the case that it is piggy-packed to the PUSCH transmission. Enhancements like lower MCS or blind HARQ-less repetitions do not necessarily improve the UCI on PUSCH reliability if repetitions are not applied to UCI. Configuring more resources to URLLC UCI on PUSCH could be a way to improve UCI reliability. 
Observation 1: PUCCH power control is a simple way to improve reliability of PUCCH. It should be studied whether specification changes are needed or if the current specification provides sufficient means to modify URLLC PUCCH PC.
Observation 2: HARQ-Ack repetition can be used to increase reliability of HARQ-Ack but it may be difficult to enhance it so that is applicable to all the HARQ-Ack based URLLC scenarios.
Proposal 1: Study how much the reliability of URLLC HARQ-Ack needs to be improved 

Proposal 2: As a first priority, study HARQ-Ack power control enhancements and as a second priority, HARQ-Ack repetition enhancements. 
2.2. Scheduling request

Traffic type dependent SR could be used to optimize SR procedure and reduce latency. Studies that consider achievable latency reduction, changes to SR overhead and additional complexity could be done. Regarding the reliability of the scheduling request, repetition of SR transmissions on consecutive TTIs is handled in MAC layer. Enhancements to this operation are therefore not in the scope of RAN1. Simple physical layer enhancement that RAN1 should consider related to SR is modifications to power control. As discussed above slight increase of URLLC PUCCH transmission power could be possible. Whether the current PUCCH TPC method provides sufficient flexibility or if e.g. some new URLLC related TPC parameters need to be introduced, should be studied.
Proposal 3: PUCCH SR power control enhancement related URLLC are studied.

3
Conclusions

In this contribution, we have discussed enhancements to URLLC UL control. The following observations and proposals were made in the contribution:

Observation 1: PUCCH power control is a simple way to improve reliability of PUCCH. It should be studied whether specification changes are needed or if the current specification provides sufficient means to modify URLLC PUCCH PC.

Observation 2: HARQ-Ack repetition can be used to increase reliability of HARQ-Ack but it may be difficult to enhance it so that is applicable to all the HARQ-Ack based URLLC scenarios.

Proposal 1: Study how much the reliability of URLLC HARQ-Ack needs to be improved 

Proposal 2: As a first priority, study HARQ-Ack power control enhancements and as a second priority, HARQ-Ack repetition enhancements. 

Proposal 3: PUCCH SR power control enhancement related URLLC are studied.
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