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This is a revision of R1-1716271. In this contribution, we discuss the potential issues of a multiple slot long PUCCH, including DMRS structure in each slot, frequency hopping, and UCI encoding methods in a multi-slot PUCCH.
Configurations of multi-slot long PUCCH
In NR, a long PUCCH format supports a variable length in a slot with a minimum length of 4 symbols. A multiple slot long PUCCH may be useful to provide better time/frequency diversity and coverage, esp. for cell edge UEs. 
A multi-slot long PUCCH may span over multiple slots with continuous UL symbols or with gaps between symbols of different slots. As a special case, PUCCH repetition can be achieved by configuring a long PUCCH structure with the same starting symbol and duration in multiple slots. However, due to different slot structure, esp. for TDD mode operation, the number of symbols in each slot may be the same or different.
In a multi-slot long PUCCH, the number of PUCCH symbols in each slot should be greater or equal to 4. Thus, the DMRS structure can be determined in each slot using long PUCCH structure of the given duration in a slot. 
Proposal 1: In a multi-slot long PUCCH, DMRS pattern is determined on a per slot basis.
Frequency hopping of multi-slot long PUCCH
Since a multi-slot long PUCCH spans over multiple slots, frequency hopping at slot level may be sufficient. This reduces the number of frequency hops in a multi-slot PUCCH. On the other hand, intra-slot frequency hopping may be applied in each slot, this provides a common structure for slot and multi-slot long PUCCH. 
In NR, both inter-slot and intra-slot frequency hopping can be supported for a multi-slot PUCCH. Whether to use inter-slot or intra-slot hopping can be configured by higher layer signalling, or determined by the number of symbols or the number of PUCCH symbols in a slot. For example, if the number of if the number of PUCCH symbols in each slot is less or equal to 7, inter-slot hopping can be applied. If the number of if the number of PUCCH symbols in each slot is greater than 7, intra-slot hopping can be applied.
Proposal 2: Both inter-slot and intra-slot frequency hopping can be supported. Inter-slot hopping is used if the PUCCH duration in each slot is less or equal to 7 symbols.
UCI encoding on multi-slot PUCCH
A multi-slot long PUCCH may be used to provide better coverage or to carry large UCI payload. For example, if all slots have the same PUCCH configuration, and encoded UCI bits can fit in the PUCCH in each slot, same UCI encoding and repetition in multi-slots is preferable. On the other hand, if different slots have different number of PUCCH symbols, the coding rate may be different in different slots, esp. if the number of PUCCH symbols in one or more slots is too small, the encoded UCI bit may not fit into the available resources. Moreover, if the UCI payload is large, the encoded UCI bits may not fit in the PUCCH of any slot. Thus, in some cases, UCI joint encoding and rate matching across resources in multiple slots should be supported. 
The minimum PUCCH resource in all slots of a multi-slot PUCCH can be used to determine the UCI encoding method. If the encoded bits can fit in PUCCH UCI carrying symbols in all configured slots, joint coding with repetition in each slot can be used; otherwise, joint coding and rate matching among all slots should be applied. The encoded bits can be determined based on a given coding method (e.g. RM code or polar code) and a nominal coding rate.
Proposal 3: UCI repetition or joint coding is determined by the minimum PUCCH resource in all slots.
Conclusion
In this contribution, we discuss the design principles of multi-slot long PUCCH. Based on the discussions, we propose:
Proposal 1: In a multi-slot long PUCCH, DMRS pattern is determined on a per slot basis.
Proposal 2: Both inter-slot and intra-slot frequency hopping can be supported. Inter-slot hopping is used if the PUCCH duration in each slot is less or equal to 7 symbols.
Proposal 3: UCI repetition or joint coding is determined by the minimum PUCCH resource in all slots.
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