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1 Introduction
In RAN1 Adhoc meeting #2 [1], for short PUCCH with UCI of up to 2 bits, sequence based design without RS was agreed as working assumption:
Agreements:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· No more short-PUCCH format is supported for short-PUCCH in the WID scope.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views on the sequence based short PUCCH structure design in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
PUCCH in short duration with 1 or 2 symbols is supported, and for short PUCCH with UCI of up to 2 bits, sequence based design was agreed as working assumption. For the small payload of PUCCH, e.g. ACK/NACK feedback, pre-defined sequences can be defined for indication of ACK or NACK. With the sequence based design for short PUCCH, 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: Confirm the working assumption to support sequence based design without RS for short PUCCH with UCI of up to 2 bits.
Considering the constant-modulus property, ZC sequence is more suitable for the sequence based design. And also considering the multiplexing between different users and the complexity, different root sequences can be selected for different users. And for one given user, different cyclic values based on the sequence can be introduced to indicate different bits information of PUCCH.
For example, different cyclic shift values of ZC sequence can be predefined for indication of ACK/NACK, as shown in Figure 1. The CS values can be divided into 2 groups, each group indicates ACK or NACK. Similarly, for 2 bits UCI, 4 groups of CS values can be used for the UCI indication.
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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, for 2 bits UCI comb-4 transmission pattern can be used for the UCI indication, for example, different information can be transmitted with different comb offset values. In addition, 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
Based on the above discussion, we propose that:
Proposal 2: Different root sequences are selected for user multiplexing, and different cyclic shift values are used for information indication. In addition, resource based design without RS for short PUCCH should be considered.
3 Conclusion
In this contribution, we provided our proposals for structure of PUCCH in short duration design, and we propose that:
Proposal 1: Confirm the working assumption to support sequence based design without RS for short PUCCH with UCI of up to 2 bits.
Proposal 2: Different root sequences are selected for user multiplexing, and different cyclic shift values are used for information indication. In addition, resource based design without RS for short PUCCH should be considered.
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