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Introduction
In NR WI, the scenarios and requirements defined for URLLC is provided in [1]. In principle, the short PUCCH is more favorable for URLLC considering its low latency requirement. The following agreements were reached in the previous meeting for the structure of short PUCCH 
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.
· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
In this contribution, we provide our considerations on PUCCH design for URLLC. 
Design of PUCCH for URLLC
In general, for DL data transmission, HARQ-ACK feedback is used to enable DL HARQ operation and the CSI reports facilities efficient DL scheduling, etc. As for URLLC, the reliability of 99.999% for X bytes should be ensured within a user plane latency of 1ms [2] for both DL and UL services. The UL control channel design for URLLC needs to take the above performance requirements into account. 
Structure of short PUCCH for URLLC
To meet the low latency requirement of URLLC, 1 symbol short PUCCH and 2 symbol short PUCCH should be considered. One proposal is to split one symbol into two halves with doubled subcarrier spacing as provided in [3]. For the 1 symbol short PUCCH splitting and 2 symbol PUCCH, it is proposed to place DMRS in the former half part and place UCI in the latter part of the PUCCH to allow more data processing time for the UE to get ready for the UCI such as HARQ-ACK. However, the performance of short PUCCH would be impacted since the UCI is restricted to the last part of PUCCH and frequency hopping cannot be achieved with this structure. The performance degradation is given in [4]. Since the time duration of half PUCCH is small, the benefits of extra processing time may not be justified considering the performance loss.
Observation 1: Splitting one symbol PUCCH into two half-symbol does not benefit URLLC.
UL control channel to support low latency requirements of DL URLLC
To prepare the HARQ-ACK feedback for DL transmission, it takes the UE a period of time to decode the corresponding DL data. To satisfy the low latency requirements of DL URLLC, it is proposed to support HARQ-less transmissions with automatic repetitions without traditional HARQ-ACK feedback in [3]. On the other hand, the CSI feedback can be used to adapt the DL transmissions. However, most of the DL URLLC transmission is expected to be sporadic. Therefore, periodic CSI report cannot track the channel variation to adapt the scheduling in an efficient manner. 
Without HARQ-ACK and proper CSI feedback, the gNB has to schedule the DL URLLC transmission in the most conservative way. For example, the allocated resources, MCS level, MIMO mode, transmission power, and etc for each repetition should be robust enough to meet the URLLC reliability requirements. This is inefficient from the resource usage point of view. For this issue, a low latency CSI (LL-CSI) after the initial DL transmission can be considered. The LL-CSI can be measured based on the reference signals in the initial transmission. The LL-CSI report is up-to-date for the subsequent transmissions since there is no need of waiting for the UE decoding results. Benefit from the LL-CSI report, the subsequent repetitions can be operated efficiently with proper link adaptation. Furthermore, the LL-CSI can be reported based on the RS within each or part of the repetition.  
The LL-CSI report after DL reception is illustrated in the Fig. 1 below. The LL-CSI should be available at the gNB side before the next scheduling decision is made. Then there may be some time gap between the UL control channel that carries the LL-CSI and the next DL scheduling and corresponding DL transmission. So the multiplexing of UL control channel and other UL channels in one slot should be considered.
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[bookmark: _Ref477621275]Fig. 1 LL-CSI feedback through UL control channel for DL URLLC
According to the above discussion, it is proposed to support LL-CSI feedback through UL control channel for DL URLLC service.
Proposal 1: Support LL-CSI report on UL control channel for URLLC.
As HARQ-ACK and other UCI feedback, LL-CSI can also been transmitted through short PUCCH. The short PUCCH resource used for LL-CSI feedback can be similar or even the same as that for HARQ-ACK feedback resource.
UL control channel to support high reliability requirements of DL URLLC
Considering the high reliability of DL URLLC, the reliability of the corresponding UL control channel should also be considered. 
For the HARQ-ACK feedback, there are two different kinds of errors: ACK missed detection and NACK to ACK error. The ACK missed detection results in unnecessary data retransmissions and has limited impact to reliability. On the other hand, when NACK to ACK error happens, this can only be detected at RLC layer and RLC retransmission usually incurs a delay of tens of milliseconds. Even if the scheduling interval can be reduced at physical layer in NR, the delay may still be unacceptable. In LTE, the NACK to ACK error requirement is 0.1%. According to the above discussion, the NACK to ACK error should be studied further in order to guarantee the overall reliability requirement of URLLC. 
The impact of error LL-CSI feedback through UL control channel is improper DL scheduling in the next transmission. If each DL transmission corresponds to one LL-CSI report, only one repetition is impacted. So the reliability of UL control channel that carriers LL-CSI can be not severe as that of HARQ-ACK.
Proposal 2: Identify the NACK to ACK error rate for UL control channel carrying HARQ-ACK feedback for URLLC in order to guarantee the overall reliability requirement.  
UL control channel resources associated with DL URLLC transmission
The following was agreed in RAN1 #87 meeting.
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
According to the agreements, the URLLC UE may be configured with multiple short PUCCH resources and the gNB can dynamically indicate one of the configured resources. Furthermore, the UE may need to decide the PUCCH resources not only for HARQ-ACK feedback of DL URLLC transmission but also for the LL-CQI. So the indication for PUCCH carrying different kinds of UCI should be studied. 
For one UE, it is possible that the UE is indicated to transmit short PUCCH while the UE has requirement to transmit UL grant free data in the same slot. The short PUCCH may relate to the performance of DL URLLC while UL grant free PUSCH corresponds to UL URLLC service. If the UE has the capability of simultaneous short PUCCH and PUSCH transmission, both of them can be transmitted in the same slot. However, if the UE does not has the simultaneous transmission capability or the UE has the capability while the transmit power is limited, the priority of short PUCCH and PUSCH should be considered.
Proposal 3: RAN1 should discuss the indication of PUCCH resources for carrying HARQ-ACK and LL-CQI.
Proposal 4: RAN1 should discuss the priority between short PUCCH and UL grant free PUSCH which occurs simultaneously for one UE.
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In this contribution, further considerations on the uplink control channel design to meet the special latency and reliability requirements of URLLC are addressed. The following proposals are reached.
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Proposal 1: Support LL-CSI report on UL control channel for URLLC.
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