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1 Introduction
In this contribution, we discuss structures of short duration PUCCH to carry 1~2 UCI bits. Two short PUCCH formats are proposed for 1~2 bits HARQ-ACK and 1 bit SR, respectively. The two PUCCH formats can be multiplexed within the same PRBs for efficient resource utilization.
2 Structure of short PUCCH for 1~2 HARQ-ACK bits
Figure 1 shows a structure of short duration PUCCH to carry 1~2 HARQ-ACK bits to indicate decoding success/failure for a corresponding NR PDSCH. The waveform is based on CP-OFDM, and DMRS and HARQ-ACK are multiplexed in FDM using different subcarriers alternatingly within two contiguous PRBs. This results in 1/2 DMRS overhead and gives almost best performance for short PUCCH to carry 1~2 UCI bits as presented in our companion contribution [1]. 
Two length-12 CAZAC sequences are applied on HARQ-ACK and DMRS subcarriers without DFT precoding. The CAZAC sequence for HARQ-ACK is modulated by BPSK (1 bit HARQ-ACK) or QPSK (2 bits HARQ-ACK) symbols corresponding to the encoded HARQ-ACK bits.  The DMRS CAZAC sequence is directly mapped on the subcarriers without modulation. Since the both sequences are low CM CAZAC sequences, assigning different cyclic shifts to the HARQ-ACK and DMRS sequences can lead to lower CM than using the same cyclic shift for the both sequences, as evaluated in our companion contribution [2]. 
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Figure 1. PRB and subcarrier configuration for short PUCCH to carry 1~2 HARQ-ACK bits.
The short HARQ-ACK PUCCHs for different UEs can be multiplexed within the same PRB by assigning different cyclic shifts for the CAZAC sequences to the UEs. The cyclic shifts of the HARQ-ACK and DMRS sequences can have a non-zero constant offset and a UE specific cyclic shift value for each UE can be applied to the both HARQ-ACK and DMRS CAZAC sequences on top of the constant offset. 
Also, multiple sets of two PRBs for the short HARQ-ACK PUCCH can be configured on distant frequency blocks in order to benefit from frequency and interference diversity. By utilizing the DMRS transmitted on each frequency block, the HARQ-ACK PUCCHs sent on the non-contiguous PRB sets can coherently be combined at the gNB receiver. Antenna diversity can be applied by assigning different cyclic shifts to the PUCCHs transmitted from the respective transmit antennas from a UE.
Proposal 1: Short PUCCH for 1~2 HARQ-ACK bits
· Two contiguous PRBs is the minimum resource unit.

· DMRS and UCI employ length-12 CAZAC sequences, respectively, and are multiplexed in FDM on different subcarriers alternatingly.
3 Structure of short PUCCH for 1 SR bit
Figure 2 shows a structure of short duration PUCCH for 1 bit SR. An extended SR to carry more sophisticated SR information is discussed in our companion contribution [3]. 

A length-12 CAZAC sequence is applied on even or odd subcarriers within two PRBs with employing OOK (On-Off Keying). A UE transmits the sequence on the configured comb when it needs to have a resource scheduled for a PUSCH transmission in UL, and otherwise the SR resource is left unused as in the case of LTE PUCCH format 1. 
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Figure 2. PRB and subcarrier configuration for short PUCCH to carry 1 bit SR.
SR PUCCHs for different UEs can be multiplexed within the same PRB by assigning different cyclic shifts for the CAZAC sequences to the different UEs. Also, since a short SR PUCCH uses either odd or even subcarriers only, the short SR PUCCH can be multiplexed on the corresponding comb with either DRMS or HARQ-ACK of short HARQ-ACK PUCCHs within the same PRB. The cyclic shift offset, comb index and PRB index can be configured via high layer signaling in a UE specific manner. Multiple sets of two PRBs for the short SR PUCCH can be configured on distant frequency blocks as well in order to gain from frequency diversity. 

Proposal 2: Short PUCCH for 1 bit SR
· Two contiguous PRBs is a minimum resource unit for short PUCCH.

·  A length-12 CAZAC sequence is applied on even or odd subcarriers within the two PRBs with employing OOK.
4 Multiplexing of HARQ-ACK and SR short PUCCHs
Figure 3 illustrates multiplexing of short PUCCHs for HARQ-ACK and SR, and also multiplexing between different UEs. 
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Figure 3. Multiplexing of short PUCCHs for HARQ-ACK and SR, and between different UEs.
Each UE is assigned different cyclic shifts for the CAZAC sequences with the minimum cyclic shift offset 3. Each of the SR PUCCHs is sent on either odd or even comb only with being multiplexed with DMRS or HARQ-ACK sequences of the HARQ-ACK PUCCHs. In cases that a UE happens to transmit HARQ-ACK and SR in the same slot, SR resource can be utilized to deliver HARQ-ACK information in order to indicate that active SR has been transmitted from the UE along with HARQ-ACK. The comb with SR for the UE can be used to deliver HARQ-ACK modulation symbols and the other comb can be used to transmit DMRS for the HARQ-ACK. 
Proposal 3: Multiplexing of short PUCCHs for 1~2 bits HARQ-ACK and SR 
· Short PUCCHs for 1~2 bits HARQ-ACK and SR can be multiplexed within the same PRB for the same UE and also between different UEs.
· Short SR PUCCH can be multiplexed on either DMRS or UCI subcarriers of short HARQ-ACK PUCCHs.
5 Conclusion 

This contribution has discussed structures and multiplexing of short duration PUCCHs for 1~2 bits HARQ-ACK and 1 bit SR. Based on the discussions, the followings are proposed:
Proposal 1: Short PUCCH for 1~2 HARQ-ACK bits 
· Two contiguous PRBs is the minimum resource unit.

· DMRS and UCI employ length-12 CAZAC sequences, respectively, and are multiplexed in FDM on different subcarriers alternatingly.
Proposal 2: Short PUCCH for 1 bit SR
· Two contiguous PRBs is a minimum resource unit for short PUCCH.

·  A length-12 CAZAC sequence is applied on even or odd subcarriers within the two PRBs with employing OOK.
Proposal 3: Multiplexing of short PUCCHs for 1~2 bits HARQ-ACK and SR 
· Short PUCCHs for 1~2 bits HARQ-ACK and SR can be multiplexed within the same PRB for the same UE and also between different UEs.
· Short SR PUCCH can be multiplexed on either DMRS or UCI subcarriers of short HARQ-ACK PUCCHs.
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