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Introduction
This is a revision of R1-1713335. In this contribution, we discuss the potential issues of a multiple slot long PUCCH, including DMRS structure in each slot, and frequency hopping 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. 
For a multi-slot long PUCCH, at least the following two cases should be supported
· Case 1: A long PUCCH occupies continuous symbols in continuous slots.
· Case 2: A long PUCCH spans over multiple slots allowing gaps between symbols of different slots. The number of symbols in each slot may be the same or different. 
A special example of Case 2 can be a repetition of a long PUCCH structure in multiple slots with the same starting symbol and duration in each slot. 
Furthermore, in a multi-slot long PUCCH, the number of PUCCH symbols in each slot should be greater or equal to 4, and the total number of PUCCH symbols should be greater than the number of symbols of a slot. 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 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, as shown in Figure 1a). This reduces the number of frequency hops in a multi-slot PUCCH. 
On the other hand, if every slot has at least 4 PUCCH symbols, intra-slot frequency hopping may be applied in each slot, as shown in Figure 1b), this provides a common structure for slot and multi-slot long PUCCH. 


Figure 1. Frequency hopping of multi-slot long PUCCH
In NR, both inter-slot and intra-slot frequency hopping should be supported for a multi-slot PUCCH. The conditions to use inter-slot or intra-slot can be further studied. 
For example, whether to use inter-slot or intra-slot hopping can be determined by the number of symbols or the number of PUCCH symbols in a slot. If a slot length is 7 symbols, inter-slot hopping is used, if a slot length is 14 symbols, intra-slot can be used. Similarly, if the number of PUCCH symbols in a slot is small, inter-slot hopping may be more appropriate. 
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 smaller or equal to 7 symbols.
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 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 smaller or equal to 7 symbols.
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a) inter-slot hopping at slot boundary


b) intra-slot hopping within each slot
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