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1. Introduction
In RAN#75 meeting, one of the specification objective is shown as following [1]:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76 
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
In RAN1 NR Ad-Hoc January meeting, the following agreements were made for reliability of DL control channel [2]:
Agreements:
· 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
In this contribution, we will discuss UL control channel design for URLLC including the necessary target requirement and potential solutions. The discussion on DL control channel design for URLLC and scheduling/HARQ procedure for URLLC are presented in our companion contributions [3] – [4]. 
2. Discussion
2.1. The necessary target requirement for URLLC UL control channel
The requirement for URLLC is set in [5]. For reliability, the target for general case is 99.999% with a User Plane latency of 1ms with the packet size of 32 bytes; for latency, the target is 0.5ms for both DL and UL end-to-end transmission. The BLER requirement for URLLC data is less than 10-5 which is already high, then the necessary target requirement for UL control channel needs to be considered.
NR uplink control channel is used to deliver at least scheduling request (SR), HARQ-ACK, and CSI report. Consensus on the necessity of each UCI type and the corresponding reliability requirements for URLLC should be made firstly. Guaranteeing ultra-high reliability on all of the various UCI types costs the spectral efficiency of the system. Therefore, it is preferable to ensure that the UCI types directly relates to the reliability of 10-5 for a URLLC packet are enhanced. Among those UCI types, CSI report would not be required to be extremely highly reliable; if it is not correctly received, the gNB can simply schedule the data with conservative MCS/coding rate. Regarding SR, since UL grant-free transmission is identified as a promising method for URLLC service, it may also not need  to be highly reliable. As discussed in [3], we consider that for URLLC, HARQ operation is necessary, not only to relax the BLER requirement of control and data, but also to realize higher spectral efficiency. For example, if the BLER of initial transmission of URLLC packet is 1%, 99% of URLLC packet can be correctly received at the initial transmission, and hence, remaining time/resource can be used for other purposes assuming HARQ-ACK feedback is available with a sufficiently high reliability. In order to achieve efficient HARQ operation, HARQ-ACK feedback should be highly reliable. For HARQ-ACK, there are two different kinds of ACK/NACK errors: ACK-to-NACK/DTX detection and NACK-to-ACK error. The former ACK-to-NACK/DTX detection error has limited impact on the reliability; gNB should just re-transmit the data although the data is correctly received by the UE in the previous transmission, which results in degradation of spectral efficiency while does not degrade the reliability as long as the re-transmission does not exceed the 1ms delay bound. On the other hand, the latter NACK-to-ACK error causes higher-layer re-transmission; delay caused by higher-layer re-transmission depends on the implementation but in general it is large; hence, such probability should be minimized. Therefore, HARQ-ACK feedback should be designed such that its reliability is high enough not to exceed the delay bound of 1ms due to unnecessary re-transmission (because of ACK-to-NACK/DTX error) and due to unnecessary re-transmission triggered by higher-layer (because of NACK-to-ACK error). 
Proposal 1:
· For URLLC UL control channel, the reliability requirement should be defined at least for control channel carrying HARQ-ACK.
2.2. Possible solutions to realize the requirements for URLLC
To meet the low latency requirement, HARQ-ACK less transmission and/or short PUCCH structure with one or two OFDM symbols can be considered. To meet the high reliability requirement, following solutions can be further studied.
· UCI compression
· Bundling can be performed in time-, carrier- and spatial-domain.
· Diversity scheme
· Spatial-domain diversity
· UE Tx diversity (more than 2 Rx antennas)
· BS Rx diversity (more than 2 Tx antennas)
· TRP diversity (more than 2 TRPs (this is like CoMP))
· Time-domain diversity
· Not favorable for latency
· Frequency-domain diversity
· Frequency-hopping
· Repetition
· Time-domain repetition
· Not favorable for latency but possible as long as the UCI delivery is within the delay bound
· Frequency-domain repetition
· Different from DL that DL assumes constant transmission signal PSD which leads to increased transmission power when expanding the bandwidth, i.e., doubling the bandwidth results in doubling the transmitted signal power. For uplink, it is not possible to enhance the performance by frequency-domain resource enlargement. Because the transmit power is fixed, wider transmission results in lower PSD, which does not improve the performance when the UE is power-limited.
· Interference management
· FFS, e.g., reduce the number of multiplexed UEs
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