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1 Introduction

In 3GPP RAN1#88bis meeting and RAN1#89 meeting [1] [2], uplink control channel design was discussed and the followings were agreed:

RAN1#88b

· 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.

· RAN1-NR Adhoc#2
· 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
Based on the previous agreements and common designs of NR long PUCCH proposed in [3], structures for long PUCCH with large payload have been discussed in this contribution. 
2 Discussion
2.1 Supported number of symbols on different slot types
Considering long PUCCH needs to support variable number of symbols (4-14 symbols), [3] gives the preferred OFDM symbol locations of long PUCCH in a slot, which is shown in Figure 1.
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Figure 1. OFDM symbol locations of long PUCCH in 7-symbol slot and 14-symbol slot.
Based on the common designs and location of long PUCCH, structures for long PUCCH with large payload are proposed in the following section.
2.2 Structures of long PUCCH with large payload 
Since this format needs to carry a large amount of information, DMRS overhead should not be large. Considering LTE’s PUCCH format 4 design, one DMRS symbol on each frequency hopping part can be considered.

Based on the common design principles and the location of NR long PUCCH, An example of NR long PUCCH format is shown in Figure 2 and Figure 3.
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Figure 2. Long PUCCH format with large payload for 4-7 symbols.
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Figure 3. Long PUCCH format with large payload for 8-14 symbols.
Alternatively, structures of long PUCCH with large payload can follow the design of NR- PUSCH with DFT-s-OFDM waveform, since long PUCCH with large payload may share the frequency resource with NR-PUSCH. After DMRS pattern for NR-PUSCH with DFT-s-OFDM waveform has been designed, the proposed structures of long PUCCH with large payload should be optimized further.
Proposal 1: For long PUCCH with large payload, different number of DMRS OFDM symbols can be applied for different cases:

· For 4-7 symbols, 2 DMRS OFDM symbols and 1 DMRS OFDM symbol are inserted for w/ frequency hopping case and wo/ frequency hopping case respectively;
· For 8-14 symbols, 2 DMRS OFDM symbols are inserted.
3 Conclusion
In this contribution, structures of long PUCCH with large payload are given. Based on above discussions, the following proposal is given. 
Proposal 1: For long PUCCH with large payload, different number of DMRS OFDM symbols can be applied for different cases:

· For 4-7 symbols, 2 DMRS OFDM symbols and 1 DMRS OFDM symbol are inserted for w/ frequency hopping case and wo/ frequency hopping case respectively;

· For 8-14 symbols, 2 DMRS OFDM symbols are inserted.
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