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1 Introduction
In RAN1#88 meeting [1], structure of PUCCH in short duration was discussed and agreements were achieved as follows:
Agreements:
· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.
· Option 2: RS and UCI are multiplexed by TDM manner.
· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case
· Option 5: Sequence based design with RS only for small payload size case
· Option 6: Pre-DFT multiplexing in one or both symbol(s)
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]And based on the options, 1-symbol and 2-symbol PUCCH were discussed in RAN1#88bis [2], and agreements were achieved as follows:
Agreements:
· 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:
· 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.
In this contribution, we provided our views on the PUCCH structure design in NR.
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PUCCH in short duration with 1 or 2 symbols is supported, which is beneficial at least for feedback in self-contained slots. And the structure of the PUCCH in short duration is still under discussion, several options will be down selected. 
With the target of internet of things for NR, different services, scenarios, and different UE capabilities should be supported. Considering the limited PA capability UEs with the power limited and PAPR issues for uplink transmission, at least for the structure of 1 symbol PUCCH, sequence based design should be supported, and also considering the constant-modulus property, ZC sequence is more suitable for uplink transmission.
As discussed above, for the small payload of PUCCH, e.g. ACK/NACK feedback, pre-defined sequences can be defined for indication of ACK or NACK. For example, the different cyclic shift values of ZC sequence can be predefined for indication of ACK/NACK, as shown in Figure 1. In addition, the CS values can be divided into 2 groups, each group indicates ACK or NACK, and the different values in same group can be used for different UE multiplexing.
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Figure 1. Example for sequence based ACK/NACK design
Alternatively, another scheme with specific signal design without RS for ACK/NACK can also be considered. For example, ACK/NACK is indicated with different signal transmission patterns, as shown in Figure 2. Similarly, different UEs can be multiplexed with different CS values on the ACK or NACK resource specific subcarriers.
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Figure 2. Example for resource specific ACK/NACK design
With the sequence based and resource based structure design for PUCCH in short duration, gNB just needs to identify the sequence or the transmission pattern to obtain the ACK/NACK information, which is beneficial for saving the processing time without RS estimation and decoding. On the other hand, this scheme can save the resource as no RS needed, so we propose that:
Proposal 1: Sequence based or resource based design without RS for PUCCH in short duration should be considered, e.g. ACK/NACK identification with different resources or different sequences.
In addition, considering the beamformed uplink control information transmission, multiple shots of PUCCH and/or DMRS should be transmitted, especially for high frequency band. For example, multiple shots of PUCCH with different precoders can be used to counterattack beam failure issue. Or multiple shots of DMRS transmission can be used for sweeping of gNB receiving weights. While considering the limited transmission duration, the multiple shots transmission can be achieved with higher subcarrier spacing. Example for multiple shots PUCCH transmission is shown in Figure 3A, and example for multiple shots DMRS transmission is shown in Figure 3B.
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Figure 3A. Example for multi-shot PUCCH         Figure 3B. Example for multi-shot DMRS
So we propose that:
Proposal 2: Support higher subcarrier spacing for uplink control channel design.
3 Conclusion
In this contribution, we provided our proposals for structure of PUCCH in short duration design, and we propose that:
Proposal 1: Sequence based or resource based design without RS for PUCCH in short duration should be considered, e.g. ACK/NACK identification with different resources or different sequences.
Proposal 2: Support higher subcarrier spacing for uplink control channel design.
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