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1 Introduction

In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [1]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

In this contribution, we aim at the above requirements, especially that of reliability, and analyze some candidate solutions for PUCCH enhancements to fulfill these targets.

2 PUCCH enhancement for ultra reliability 

Since the reliability of control channel is the bottleneck for the overall reliability of the corresponding URLLC service, PUCCH needs to be enhanced for reliability. Moreover, as discussed in [2], investigating the following potential solutions/issues for PUCCH enhancement are proposed by most companies, 
· PUCCH power control enhancement
· HARQ-ACK repetition enhancement
The above two are discussed in this section. 
2.1 PUCCH power control enhancement
According to the agreements in RAN1 #90bis, multiple kinds of URLLC traffics with multiple reliability and latency requirements are supported in LTE for URLLC. Therefore, the reliability targets of both control and shared channels also can be changed or adjusted depending on URLLC traffics to balance among URLLC requirements, resources efficiency, and scheduling flexibility, etc. For instance, the transmission power of PUCCH may be different depending on different requirements of the traffic on the corresponding PDSCH, so that different power control parameters for PUCCH to fulfil different requirements can be used. Then, we have the following proposal:
Proposal 1: Transmission power of PUCCH can be different for traffic with different requirements.
2.2 HARQ repetition enhancement
To improve the reliability of PUCCH, especially when carrying HARQ-ACK, HARQ-ACK repetition can be considered in URLLC for LTE. In current FDD LTE, a UE configured with NANRep times HARQ-ACK repetition and received a PDSCH in subframe #n-4 will transmit its HARQ-ACK in subframe #n ~#(n+ NANRep -1). However, if a UE is configured with HARQ-ACK repetition and scheduled with consecutive PDSCHs, it drops the HARQ-ACK transmission of the following PDSCH if the initial transmission of that HARQ-ACK is collided with a repeated transmission of previous HARQ-ACK. For example, in Figure 1, the HARQ-ACK of PDSCH in subframe #n-3 (red one) will be dropped since the initial transmission of that HARQ-ACK (i.e., in subframe #n+1), is occupied by a repeated transmission of previous HARQ-ACK (green one).
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Figure 1. Illustrations of current HARQ repetition.
However, this imposes a scheduling restriction and the latency of following PDSCH is increased, as PDSCH cannot be transmitted if another PDSCH is transmitted in previous NANRep -1 subframes. Then, this principle leads to a queuing delay, which cannot be accepted for URLLC. Therefore, to allow consecutive PDSCH scheduling, either multiplexing HARQ-ACK information of initial and repeated transmissions in one PUCCH or determining the HARQ-ACK information carried on each PUCCH can be considered in LTE for URLLC. 
Proposal 2: Either multiplexing HARQ-ACK of different PDSCHs in one PUCCH, or determining the HARQ-ACK resource of different PDSCHs on one PUCCH can be considered in LTE for URLLC to support consecutive PDSCH scheduling.

3 Conclusions
In this contribution, we have the following proposals on reliability:
Proposal 1: Transmission power of PUCCH can be different for traffic with different requirements.
Proposal 2: Either multiplexing HARQ-ACK of different PDSCHs in one PUCCH, or determining the HARQ-ACK resource of different PDSCHs on one PUCCH can be considered in LTE for URLLC to support consecutive PDSCH scheduling.
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