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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#89

· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:

· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)

· FFS: pi/2 BPSK usage

· Two states SR is based on on-off-keying

· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop

· NR supports following long-PUCCH:

· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity

· 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.

· Email discussion for collecting companies views on the following until the next meeting:

· Detailed long-PUCCH structure(s) for a given slot taking into account various number (4 – 14) of OFDM symbols and multiple PUCCH formats, and various number of UCI bits, especially regarding to:

· DMRS location(s)

· Frequency-hopping boundary(ies) in time-domain

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
In [3], two common designs have been proposed, which are shown as following,
· DMRS locations: For the DMRS locations, they should locate at the fixed locations in the 7-symbol slot and 14-symbol slot. 
· Frequency hopping boundary: To maximize the frequency diversity gain, the frequency hopping boundary should locate at the middle of long PUCCH. 

In addition, considering long PUCCH needs to support variable number of symbols (4-14 symbols), [3] also gives out the preferred locations of long PUCCH in a slot, which is shown in Figure 1.
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Figure 1. 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.
2.1 Structures of long PUCCH with large payload size
Since this format needs to carry a mass of information, DMRS overhead should not be large. Considering LTE’s 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 long PUCCH with large payload is shown in Figure 2 & 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

Or, 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 size, different DMRS symbols can be applied for different cases:

· For 4-7 symbols, 2 DMRS symbols and 1 DMRS symbol are applied for the case with frequency hopping case and for the case without frequency hopping, respectively;
· For 8-14 symbols, 2 DMRS symbols are inserted;
3 Conclusion
In this contribution, structures of long PUCCH with large payload are given. Based on above discussions, following proposal is given. 
Proposal 1: For long PUCCH with large payload size, different DMRS symbols can be applied for different cases:

· For 4-7 symbols, 2 DMRS symbols and 1 DMRS symbol are applied for the case with frequency hopping case and for the case without frequency hopping, respectively;

· For 8-14 symbols, 2 DMRS symbols are inserted;
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