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1	Introduction
This contribution is a revision of R1-1716144.
During the NR Study Item, RAN1 has established requirements and scenarios for NR ‎[1] and has identified technology components that are needed to standardize the NR system ‎[2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In RAN1#87 ‎[3], the following agreement was made:
Agreements: 
•	A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
–	Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
•	FFS: more than [1] ms at least for some cases
–	FFS the numbers of the slots

In RAN1#NR-AH3 ‎[4], the following agreement was made:
Agreements:
· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:
· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different

In this contribution, we discuss the design principles of long PUCCH over multiple slots.
2	Discussion
In LTE, HARQ-ACK repetition on PUCCH is used to transmit the HARQ-ACK on PUCCH over multiple subframes to improve the reliability and coverage (MCL) of the HARQ-ACK reception. This is at the expense of longer latency and lower HARQ-ACK throughput or increased HARQ-ACK resource utilization. In NR, it is desirable to have similar coverage as LTE for HARQ-ACK transmission on long PUCCH. Furthermore, NR supports a scalable subcarrier design that supports higher frequency subcarrier spacing than LTE, which consequently leads to a shorter PUCCH slot. Hence, to keep the same coverage as in LTE, multi-slot long PUCCH should be used.
Observation 1: NR can use a higher subcarrier spacing than LTE. In this case, multi-slot long PUCCH can be used to keep the same coverage for long PUCCH in NR as in LTE. 
In NR, at three formats of long PUCCH are supported ‎[4]:
–	One PUCCH format for UCI with up to 2 bits with high multiplexing capacity.
–	One PUCCH format for with moderate payload and some multiplexing capacity.
–	One PUCCH format for UCI with large payload with no multiplexing capacity.
HARQ-ACK repetition on PUCCH is supported at least for the long PUCCH format with up to two UCI bits. 
In NR, the duration of a long PUCCH symbol varies from 4 to 14 symbols ‎[5], such a large variation can lead to large variation in coverage for long PUCCH. When determining the total number of long PUCCH slots required for HARQ-ACK repetition, the total number of UL symbols in these slots, available to transmit long PUCCH, should be considered.
Multi-slot HARQ-ACK repetition on long PUCCH is configured and enabled by RRC signalling. RRC signalling indicates the number of slots of a multi-slot long PUCCH transmission, this can take into account the expected total number of symbols across the slots used for long PUCCH transmission to achieve the desired coverage target.
In NR, the number of uplink symbols per slot can vary as the type of slot varies (uplink slot, or bi-directional UL centric slot). The number of symbols per slot can be indicated to the UL semi-statically through higher layer signalling, or it can be indicated dynamically through DCI signalling. Furthermore, the number of UL symbols allocated to long PUCCH in a slot depends on whether the UE is also transmitting short PUCCH or SRS in the same slot. As a result, for long PUCCH over multiple slots, the duration of long PUCCH in each slot could be different.
Observation 2: For long PUCCH over multiple slots, the duration of long PUCCH in each slot could be different. 
The slot index of the first slot of a multi-slot long PUCCH is determined in a way similar to the way the UE determines the slot index of a single-slot long PUCCH transmission. The frequency and sequence resources used for the first slot of a multi-slot long PUCCH transmission, are used in the remaining slots of that transmission.
In case of a multi-slot long PUCCH transmission, the slot structure and design of each slot is the same as that of a single-slot long PUCCH. This relates to the DMRS symbol location, the design principles to determine the start and end of the long PUCCH symbols in that slot, and the location of the frequency hop in case frequency hoping is enabled.
Proposal 1:
NR supports multi-slot HARQ-ACK repetition on long PUCCH at least for long PUCCH format with 1 or 2 UCI bits taking into account the following design principles:
· Multi-slot long PUCCH is configured and enabled by RRC signaling
· RRC signaling determines total number of slots long PUCCH needs to be transmitted over.
· The slot index of the first slot of a multi-slot long PUCCH is determined similar to the way the UE determines the slot index of a single-slot long PUCCH transmission.
· The frequency and sequence resources used for the first slot of a multi-slot long PUCCH transmission, are used in the remaining slots of that transmission.
· Slot structure and design of each slot of a multi-slot long PUCCH is the same as that of a single-slot long PUCCH. 

3	Conclusion
In this contribution, we discussed the design principle of HARQ-ACK repetition over multiple slots. The following observation and proposal was made:
Observation 1: NR can use a higher subcarrier spacing than LTE. In this case, PUCCH slot aggregation can be used to keep the same coverage for long PUCCH in NR as in LTE. 
Observation 2: For long PUCCH over multiple slots, the duration of long PUCCH in each slot could be different. 
Proposal 1:
NR supports multi-slot HARQ-ACK repetition on long PUCCH at least for long PUCCH format with 1 or 2 UCI bits taking into account the following design principles:
· Multi-slot long PUCCH is configured and enabled by RRC signaling
· RRC signaling determines the total number of slots long PUCCH needs to be transmitted over. 
· The slot index of the first slot of a multi-slot long PUCCH is determined similar to the way the UE determines the slot index of a single-slot long PUCCH transmission.
· The frequency and sequence resources used for the first slot of a multi-slot long PUCCH transmission, are used in the remaining slots of that transmission.
· Slot structure and design of each slot of a multi-slot long PUCCH is the same as that of a single-slot long PUCCH. 
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