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Background
Fast HARQ-ACK feedback is essential to provide ultra-reliability with retransmission of URLLC PDSCH. In RAN1 #95 [1], it was agreed to support multiple PUCCHs for HARQ-ACK within a slot. Further in RAN1 AH #1901 [2], it was agreed that for a Release 16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types. 
Based on these agreements, in this contribution, we present our views on HARQ-ACK reporting for URLCC, including supported PUCCH formats, PUCCH resource configuration, HARQ-ACK feedback procedures, and collision handling with other uplink channels.
URLLC PUCCH formats and reliability enhancements
The PUCCH resources for URLLC HARQ-ACK feedback should provides ultra-reliability with frequent time domain allocations. What PUCCH formats can be supported by URLLC should be discussed first. 
At least, short PUCCH formats 0 and 2 with enhanced reliability should be supported. The long PUCCH formats 1/3/4 is not very suitable for URLLC; but could still be used for higher subcarrier spacing (SCS) settings. Furthermore, depending on the subslot structure, long PUCCH formats may be further limited to a certain range of durations, e.g. 4 symbols or 7 symbols only to fit the subslot durations. 
The PUCCH for HARQ-ACK feedback of URLLC PDSCH should be more reliable than the URLLC PDSCH transmission. Otherwise, the HARQ-ACK feedback is meaningless. Therefore, some enhancements should be specified to increase the URLLC HARQ-ACK PUCCH reliability to at least 10^-5 or 10^-6. The PUCCH resources for URLLC should be enhanced to provide the desired reliability, e.g. a PUCCH for URLLC can be configured with more PRBs with lower maximum coding rate, and higher transmit power than a PUCCH format for eMBB. 
Proposal 1: The supported formats and reliability enhancement methods for URLLC PUCCH should be specified.
URLLC PUCCH configuration
For URLLC, more than one PUCCH resources for HARQ-ACK reporting may be configured within a slot. The PUCCH resources for HARQ-ACK feedback of URLLC data should be configured separately from the HARQ-ACK PUCCH resources for eMBB with different set of parameters. 
The PUCCH resource for HARQ-ACK feedback of URLLC data can be configured at subslot level instead of at slot level. A subslot structure can be configured for a UE for URLLC PUCCH resource allocation. In this case, at least a seven 2-symbol subslot, and a two 7-symbol subslot structure should be specified. Additionally, a 3 and 4 symbol structure can also be supported. The subslot structure can be configured based on latency requirements and SCS settings. 
One or more PUCCH resources sets can be configured within each subslot with different formats and/or payload ranges. And PUCCH resources may be configured in all subslots or a subset of subslots within a slot, considering the trade-off between the allowed number of PUCCH transmissions and PUCCH resource overhead. 
Proposal 2: URLLC HARQ-ACK PUCCH resources are configured with a subslot structure. 
The number of PUCCH transmissions in a slot depends mainly on the processing time. Even if PUCCH resources are configured in every subslot, the round trip time of a URLLC PDSCH transmission cannot be reduced much considering the PDSCH duration, processing time, PUCCH transmission and processing time for PDSCH retransmission. 
RAN1 AH#1901 agreed that in Rel. 16 of NR, no PDSCH and PUSCH processing timing enhancement as compared to NR Rel. 15 is supported for at least for SCS with 15KHz [2]. Therefore, for the same URLLC PDSCH transmission/retransmission, practically, only 2 HARQ-ACK feedback on PUCCH in a slot is possible for all SCS settings. However, UE can still be configured with PUCCH in more subslots to reduce the waiting time to the next available PUCCH resources. Conversely, with higher SCSs, e.g. 60kHz and 120kHz, one PUCCH for HARQ-ACK reporting in each slot may be enough to satisfy the latency requirements.
Proposal 3: The number of PUCCH for HARQ-ACK feedback in a slot can be configured by higher layer signalling based on SCS settings.
URLLC HARQ-ACK feedback procedures and timing
Since different HARQ-ACK codebooks can be simultaneously constructed for different services, e.g. URLLC and eMBB, it is better to have separate HARQ-ACK feedback procedures for URLLC and eMBB as well. Thus, for eMBB transmissions, HARQ-ACK resources are configured at slot level, and slot level PDSCH-to-HARQ-timing indicator is used to determine the slot for HARQ-ACK feedback. For URLLC transmissions, HARQ-ACK resources are configured at sub-slot level, and sub-slot level PDSCH-to-HARQ-timing indicator is used to determine a sub-slot within a slot for HARQ-ACK feedback. Due to very different BER requirements, the HARQ-ACK of URLCC and HARQ-ACK of eMBB should not be multiplexed and reported in a single PUCCH.
Proposal 4: Separate HARQ-ACK reporting procedures are used for eMBB and URLLC, and the HARQ-ACK of URLCC and eMBB should not be multiplexed and reported in a single PUCCH.
In NR, HARQ-ACK timing is explicitly indicated in DCI by the PDSCH-to-HARQ-timing indicator field. For URLLC scheduling, the PDSCH-to-HARQ-timing indicator should be re-interpreted with smaller granularity. 
A subslot level indication is preferred if the PUCCH resource is configured with a subslot structure. The LTE sTTI methods can be largely reused in this case. With multiple PUCCH resource positions in a slot, the earliest configured PUCCH resource satisfying the indicated HARQ-ACK timing should be used. 
A key issue to support different services is to differentiate the HARQ-ACK timing between a slot level or subslot level. If a new compact DCI is introduced for URLLC scheduling, the different DCI format can be used to determine whether the HARQ-ACK timing is at slot or subslot level. Similarly, different RNTI may be used to schedule different services. Moreover, an URLLC traffic may be configured with a maximum PDSCH duration or a maximum number of symbols. The duration of a scheduled PDSCH can be used to determine whether it is for eMBB or URLLC services. 
Proposal 5: The slot level and subslot level HARQ-ACK timing for different service types can be determined by different DCI formats, different RNTI, or PDSCH duration.
Channel collision handling with URLLC
URLLC traffic requires ultra reliability and low latency. A grant-based or grant-free URLLC PUSCH may be transmitted over other eMBB UL channels with pre-emption. The PUCCH feedback for a URLLC PDSCH transmission should have the highest priority among all UL channels. Thus, if simultaneous UL channel transmissions are not supported, the PUCCH carrying HARQ-ACK for URLLC PDSCH should always be transmitted, and the other UL channels can be dropped. 
To avoid excessive channel dropping, simultaneous UL channel transmissions may be supported for UEs that support both eMBB and URLLC services. Thus, a URLLC PUCCH for HARQ-ACK can be simultaneously transmitted with another UL channel for eMBB, including PUCCH or PUSCH. Simultaneous UL channel transmission may be limited to URLLC transmissions, i.e. simultaneous UL transmission is supported only if one of the UL channels is for URLLC or sub-slot transmission.
Proposal 6: Simultaneous UL transmissions can be considered for URLLC.
Conclusion
We discussed aspects of HARQ-ACK feedback on PUCCH for URLLC, and proposed the following:
Proposal 1: The supported formats and reliability enhancement methods for URLLC PUCCH should be specified.
Proposal 2: URLLC HARQ-ACK PUCCH resources are configured with a subslot structure. 
Proposal 3: The number of PUCCH for HARQ-ACK feedback in a slot can be configured by higher layer signalling based on SCS settings.
Proposal 4: Separate HARQ-ACK reporting procedures are used for eMBB and URLLC, and the HARQ-ACK of URLCC and eMBB should not be multiplexed and reported in a single PUCCH.
Proposal 5: The slot level and subslot level HARQ-ACK timing for different service types can be determined by different DCI formats, different RNTI, or PDSCH duration.
Proposal 6: Simultaneous UL transmissions can be considered for URLLC.
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