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[bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 previous Meeting, the following agreements for long-PUCCH have been made [1][2][3]:
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· [bookmark: OLE_LINK141]One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.
· Opt.1: one DMRS per frequency-hop
· The location is around the middle of the frequency-hop 
· Opt.2: one or two DMRS per frequency-hop
· FFS: the location of the DMRS symbol(s)
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
In this contribution, our views on long-PUCCH structure for UCI of more than 2 bits are presented.
Discussion
The pipeline decode should also be considered for long format. Even in long format over slots it is needed to saving processing time especially for ACK/NACK. So, the time point at which the subsequent data is processed can be moved ahead. Time can be effectively reduced for overall HARQ RTT and rescheduling. For long PUCCH with a large payload, the pipeline decode should also be considered for long PUCCH designs. Even for the UCI bit is a few hundred bits, it may also carry ACK/NACK bit. Self-decoding of the basic unit with the front-loaded RS can be considered to construct a long PUCCH.
For NR, the transmission of long-PUCCH over one or multiple slots is supported. Besides, various lengths of long-PUCCH from 4 symbols to up to 14 symbols are supported. However, it is not desirable to define too many PUCCH lengths. If long PUCCH structure is based on the repetition of the basic unit, that number can be reduced. 
For long PUCCH with a large payload, long PUCCH is always assembled by 2 basic units in the time domain, where each basic unit can transmit same/different redundant versions of coded UCI bits and be decoded independently. If the channel quality is better, UCI can be decoded from the first basic unit, thus saving processing time. The difference between the numbers of symbols of the two basic units is 0 or 1. The length of the long PUCCH can be flexibly controlled by the symbols number of basic units. 
The structure has different consideration since it will carry much more UCI bits than PUCCH with 1/2 bits. A basic unit will contain much more symbols and lower RS overhead. However, if the number of symbols is too large, the number of RS symbols can be increased in order to ensure UCI performance in the basic unit. E.g, two RS symbols can be configured with basic units with more than 5 symbols. In this case, keeping the front-loaded RS will result in greater overhead than that of the case for the RS being placed in the middle of the basic unit. However, we believe that basic unit may be desirable to conditionally support the front-loaded RS for large payload UCI bits. For example, it can be in the case that number of basic unit symbols does not exceed 5.
An example for the long PUCCH is constructed by two basic units in Figure 1, where RS and UCI are time-division multiplexed in different symbols. 

 
Figure 1 - The number of different symbols PUCCH is constructed by two basic units
Proposal: NR-PUCCH can build a long PUCCH for more than 2 UCI bits by concatenating two basic units.
· The difference in the number of symbols between the two basic units does not exceed 1.
· For basic units with more than M symbols, two RS symbols are included. At least one RS symbol is at the beginning of the basic unit. M value is FFS.
· For basic units with not more than M symbols, it has only one front-loaded RS.
Conclusion
Based on the analysis given above, we have the following proposal:
Proposal: NR-PUCCH can build a long PUCCH for more than 2 UCI bits by concatenating two basic units.
· The difference in the number of symbols between the two basic units does not exceed 1.
· For basic units with more than M symbols, two RS symbols are included. At least one RS symbol is at the beginning of the basic unit. M value is FFS.
· For basic units with not more than M symbols, it has only one front-loaded RS.
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