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Background
In control channel design, physical uplink control signalling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests. 
In RAN1 #87 [1], it was agreed that 
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM. FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS). 
· 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
Further in RAN1 ad hoc meeting [2], it was agreed that for PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· Intra-slot frequency-hopping is supported

In this contribution, we discuss the structure of PUCCH in long duration focusing on the RS and UCI multiplexing methods in every 7 symbols in a RB. Furthermore, we present our views on the minimum duration of a long PUCCH.
Structure of PUCCH in long duration
Long PUCCH formats should support at least for low PAPR waveform, i.e. DFT-S-OFDM. For DFT-S-OFDM based long PUCCH formats, the LTE PUCCH structure may be reused in NR in every 7 symbols, at least on the DMRS location and UCI spreading sequence design, i.e. within a RB, at least two DMRS patterns should be supported in every 7 symbols for PUCCH with long duration. 
If two DMRS in every 7 symbols with normal cyclic prefix (NCP), the orthogonal sequences for UCI multiplexing can be in frequency domain as in LTE PUCCH Format 2, or time domain as in LTE PUCCH Format 3. If one DMRS in every 7 symbols with normal CP, the orthogonal sequences for UCI multiplexing may reuse that of LTE Format 4 and Format 5.
If CP-OFDM is supported for long PUCCH, a common framework of PUCCH structure is preferred. Thus, for CP-OFDM based long PUCCH, the number of RS symbols and the UCI multiplexing methods can be the same as DFT-S-OFDM based long PUCCH, i.e. UCI and RS are multiplexed in TDM manner regardless of its waveform. 
However, more studies are needed for the RS patterns for a long PUCCH with CP-OFDM. For example, the DMRS symbols may be front loaded as shown in Figure 1a), or the DMRS symbols can be the same as in DFT-S-OFDM design, as shown in Figure 1b). 
The DMRS of different UEs may be separated by orthogonal sequences as in DFT-S-OFDM based design, or different UEs can be assigned with orthogonal RE resources with different RS patterns, as shown in Figure 1c).


Figure 1. DMRS locations and RS patterns for CP-OFDM based PUCCH with long duration
Proposal 1: A common framework on RS and UCI multiplexing should be used for long PUCCH with both CP-OFDM and DFT-S-OFDM.
· For DFT-S-OFDM, LTE PUCCH designs should be reused
· FFS on RS multiplexing and RS patterns for CP-OFDM based long PUCCH 
Length of a PUCCH in long duration
A long PUCCH may span over multiple symbols or slots. At least a length up to 1ms long PUCCH should be supported. Thus, the number of slots can be variable based on the numerology. Long PUCCH over 1ms may be useful in case of very large UCI payload sizes, esp. if a PUSCH transmission is already scheduled to use the same slots. However, it is not absolutely necessary because the same number of RE resources may be achieved by allocating more RBs for a PUCCH resource. 
As agreed in RAN1 ad hoc meeting [2], a PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X, FFS on X values. Thus, a long PUCCH may span over a partial slot. Also, a long PUCCH may span over multiple UL slots. In all cases, no gap should be present within the duration of a long PUCCH. 
If a long PUCCH occupies only a part of a slot, e.g. in a UL-centric slot or UL only slot, the following conditions should be satisfied
· The same DMRS design for full slot long PUCCH structure is reused
· A PUCCH in long duration always last to the end of a UL centric or UL only slot 
To guarantee that a DMRS symbol is included in a long PUCCH, the minimum number of uplink symbols X should be determined based on the DMRS structure, i.e.
· X= 3, if there are 2 DMRS symbols in every 7 symbols with NCP
· X= 4, if there is 1 DMRS symbol in every 7 symbols with NCP
Proposal 2: A PUCCH in long duration always last to the end of a UL centric or UL only slot, and the minimum number of uplink symbols X is determined based on the DMRS structure.
Conclusion
In this contribution, we discuss the structure of a PUCCH in long duration, and the minimum length of a long PUCCH in a partial slot. Based on the discussions, we propose:
Proposal 1: A common framework on RS and UCI multiplexing should be used for long PUCCH with both CP-OFDM and DFT-S-OFDM.
· For DFT-S-OFDM, LTE PUCCH designs should be reused
· FFS on RS multiplexing and RS patterns for CP-OFDM based long PUCCH 
Proposal 2: A PUCCH in long duration always last to the end of a UL centric or UL only slot, and the minimum number of uplink symbols X is determined based on the DMRS structure.
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b) Same DMRS positions as in DFT-S-OFDM based long PUCCH


a) Front loaded DMRS positions for CP-OFDM based long PUCCH
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