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1 Introduction
From RAN1#88bis to RAN1#89 meeting, there have been several agreements on PUCCH with short duration as follows [1], [2]:
	Agreements at RAN1 #88bis:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.
· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range
Agreements at RAN1 #88bis:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
Agreements at RAN1 #88bis:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
Agreements at RAN1 #89:
· For 2-symbol NR-PUCCH
· Option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits
· Option 2 is not supported.
· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements at RAN1 #89:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation


In this contribution, we discuss short-PUCCH structure for UCI of up to 2bits and provide our view regarding PUCCH with short duration. And also we address how many sequences should be defined for sequence used for PUCCH and PUCCH DMRS.

Discussion on PUCCH structure with short duration
For PUCCH in 1-symbol duration with more than 2 bits, RAN1 agreed FDM between RS and UCI at the RAN1 #88bis meeting. However, we have not concluded yet which option would be supported in RAN1 between option-1 (FDM based) and option-4 (sequence based w/o RS) for 1-symbol PUCCH with 1 or 2 bit(s) UCI payload size. In this section, we compare PUCCH options in terms of some aspects such as PAPR/CM, UE multiplexing capability for HARQ-ACK/SR, frequency diversity, PUCCH DMRS flexibility, commonality between 1 and 2-symbol PUCCH and applicability with payload size. In Table 1, the comparison among options for 1-symbol short-PUCCH structures for UCI up to 2bits is addressed as follows:

Table 1. Comparison among options for 1-symbol short-PUCCH structures for UCI up to 2bits
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From the perspective of the PUCCH PAPR/CM aspects, UE multiplexing capability on each UCI type, and PUCCH cell coverage, it would be proper to consider Option 4 for accommodating 1 or 2 bits UCI payload size. In addition to FDM between RS and UCI for the large payload size, therefore, we prefer to consider sequence-based UCI transmission without RS (option 4) for small payload size in terms of cell coverage, UE multiplexing capacity for HARQ-ACK/SR and commonality between 1 and 2-symbol PUCCH structure. 
· Proposal 1: we prefer to consider sequence-based UCI transmission without RS (option 4) for UCI of up to 2bits in terms of some aspects such as cell coverage, UE multiplexing capacity for HARQ-ACK/SR and commonality between 1 and 2-symbol PUCCH structure.

In the previous meeting, it has been listed as open issue how many sequences should be defined for sequence used for PUCCH or for PUCCH DMRS. In LTE, 30 different computer-generated sequences are adopted for 1 -RB and 2-RB size which have 0.26 and 0.85 as the mean value and maximum value of cross-correlation respectively between 30 different sequences [3]. Even for more than 3-RB as Zadoff-Chu sequence, 30 different sequence-groups are used. For NR, if no additional justification is found for having at least 30 number of different sequences, it may be desirable to have 30 number of sequences similar to LTE sequence design under the assumption of using CAZAC sequence for PUCCH as LTE. And it is still necessary to have sequence hopping between slots for sequence used for PUCCH or PUCCH DMRS with small length i.e. a few number of RB size in order to suppress inter-cell interference between neighbouring cells. In addition, the sequence hopping should be used so that it can be applied between symbols for 2-symbol short PUCCH
· Proposal 2: Sequence hopping between slots and/or between different PUCCH symbols should be considered on 1 or 2 symbol short-PUCCH for inter-cell interference mitigation.

2 Conclusion
In this contribution, we have compared several options for PUCCH structure with 1-symbol and 2-symbol in a short duration and provide our view as follows:
· Proposal 1: we prefer to consider sequence-based UCI transmission without RS (option 4) for UCI of up to 2bits in terms of some aspects such as cell coverage, UE multiplexing capacity for HARQ-ACK/SR and commonality between 1 and 2-symbol PUCCH structure.
· Proposal 2: Sequence hopping between slots and/or between different PUCCH symbols should be considered on 1 or 2 symbol short-PUCCH for inter-cell interference mitigation.
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Waveform CP-OFDM DFT-s OFDM
PAPR/CM aspect High PAPR/CM Low PAPR/CM
Multiplexing capability for Up to 6 UEs per RB Up to 6 UEs per RB
HARQ-ACK (per symbol) (max 6 for 1bit and 2bits) (max 6 for 1bit, max 3 for 2bits)
Multiplexing capability Up to 6 UEs per RB Up to 12 UEs per RB
for SR only (per symbol)

Frequency hopping Yes Yes

DMRS flexibility Flexible N/A

Commonality Possible Possible

with 1 or 2-symbol PUCCH

Extra processing time No No

Payload size Applicable Applicable

for both small/large size for only small size




