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1. Introduction
The following was agreed during past RAN-1 meetings 

………………………………………………………………………………………………………………………………………………….
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.
Agreements:

· NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2

· For a fair comparison of at least length 12 NR CGS designs for PUCCH, the companies are encouraged to provide/re-evaluate their proposed sequences based on the following all or a subset of performance metrics

· Maximum PAPR/CM, minimum PAPR/CM, mean PAPR/CM (assuming at least 8x oversampling)  

· Maximum cross-correlation

· Between the base sequences for new NR sequences by applying all CS values

· Between the base sequences for new NR and LTE sequences by applying all CS values (LTE CGS for 1 and 2 PRBs ,and ZC sequences for >2PRBs up to 100MHz bandwidth) considering all partial overlapping

· Other examples for metrics can be but not limited to

· Statistics of cross-correlation (mean/max/std dev/95% tile)

· with both Method 1 (with NFFT=12*32) and Method 5 (Based on R1-163437)

· Note: Timing miss-alignment with other values for oversampling can also be realized with Method 5.

· And/or with aperiodic cross-correlation for different timing arrivals

· Modulation type, EVM

· Receiver complexity

· LTE CGS are used as the reference for performance comparison

Agreements:
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
· Aim to conclude one solution in the next meeting (e.g., # of sequences, potential resource selection, potential spatial bundling, etc.)
· Confirm the following working assumption:

· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· Note: option 4 is sequence selection

…………………………………………………………………………………………………………………………………………………….
In this contribution, we propose sequences with low PAPR. The sequences are obtained through a computer search based on the following approach:
1. Select length M=12 BPSK sequence followed by pi/2 constellation rotation

2. 1+D precoding followed by M-point DFT (fft followed by fftshift is applied)

3. Mapping of DFT output to M-subcarriers.

The sequences generated based on this approach have low PAPR.  The maximum PAPR is 1.92 dB and minimum PAPR is 0.64 dB. These sequences facilitate PA operation near saturation region. See [1] for further details.
For 1 bit case, Table-1 gives 30 base sequences each with a pair of sequences to indicate 1 -bit.
For 2 bit case, Table-2 gives 11 base sequences each base has 4 sequences to indicate 2 bits.
Figure 1 and 2 show the comparison between the cross correlation CDFs for different proposals. We observe that for 1-bit case, other company proposals perform similar to LTE while IITH sequences have slightly higher correlation. For 2-bit case IITH sequences with 11 base sequences have lower cross correlation compared to other proposals.
2 bit UCI+SR
When SR is transmitted along with 2 bit UCI we propose to use resource based signaling for SR i.e., select one of the two RBs (preferably contiguous ones in frequency) for transmission to indicate presence or absence of SR, and transmit one of 4 sequences in the selected RB to indicate 2 bit UCI.
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Figure 1: Cross correlation for 1-bit sequences
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Figure 1: Cross correlation for 2-bit sequences
2. Proposals
The proposed pi/2 BPSK based computer generated sequences have low PAPR. The pi/2 BPSK based sequences can be used to transmit the signal near PA saturation power. 
Considering the fact that the pi/2 BPSK based sequences allow full PA output power, we recommend to use pi/2 BPSK based sequences for short PUCCH UCI of 1 bit and 2 bit cases. 

When SR is transmitted along with 2 bit UCI we propose to use resource based signaling for SR transmission.
Table-1: Sequences for 1-bit case
	                                                       Bit0
	                                     Bit1

	    -1    -1    -1    -1    -1    -1    -1    -1    -1    -1    -1     1

    -1    -1    -1    -1    -1    -1    -1    -1    -1     1     1    -1

    -1    -1    -1    -1    -1    -1    -1     1     1    -1     1    -1

    -1    -1    -1    -1    -1     1    -1    -1     1    -1    -1    -1

    -1    -1    -1    -1    -1     1    -1     1    -1    -1     1     1

    -1    -1    -1    -1    -1     1    -1     1    -1     1    -1    -1

    -1    -1    -1    -1    -1     1     1     1     1     1     1    -1

    -1    -1    -1    -1     1     1     1    -1    -1    -1    -1    -1

    -1    -1    -1    -1     1     1     1     1    -1     1    -1     1

    -1    -1    -1     1    -1    -1     1    -1    -1     1    -1    -1

    -1    -1    -1     1    -1     1    -1    -1    -1    -1     1    -1

    -1    -1    -1     1    -1     1    -1    -1    -1     1    -1     1

    -1    -1    -1     1    -1     1     1     1     1    -1    -1    -1

    -1    -1    -1     1     1    -1     1     1    -1    -1    -1     1

    -1    -1    -1     1     1     1     1     1    -1     1     1    -1

    -1    -1     1    -1    -1    -1    -1     1     1     1    -1    -1

    -1    -1     1    -1    -1     1    -1     1     1     1     1     1

    -1    -1     1    -1     1    -1    -1     1    -1    -1    -1     1

    -1    -1     1    -1     1    -1     1     1    -1     1     1    -1

    -1    -1     1    -1     1     1     1    -1     1     1    -1    -1

    -1    -1     1    -1     1     1     1     1     1    -1    -1     1

    -1    -1     1     1    -1    -1    -1    -1    -1    -1     1     1

    -1    -1     1     1    -1     1    -1     1    -1    -1    -1     1

    -1    -1     1     1     1     1    -1    -1    -1     1     1     1

    -1     1    -1    -1    -1    -1     1    -1     1    -1     1    -1

    -1     1    -1    -1    -1    -1     1     1    -1     1    -1    -1

    -1     1    -1    -1     1     1     1     1     1    -1     1    -1

    -1     1    -1     1     1    -1     1     1     1    -1     1     1

    -1     1    -1     1     1     1    -1    -1     1     1     1     1

    -1     1     1    -1     1     1    -1    -1    -1     1    -1     1


	     -1    -1    -1    -1     1    -1     1     1     1     1    -1    -1

    -1    -1    -1    -1    -1    -1     1     1     1    -1    -1     1

    -1    -1    -1    -1    -1     1     1    -1    -1     1     1     1

    -1    -1    -1    -1     1    -1     1    -1    -1    -1     1     1

    -1    -1    -1    -1     1    -1    -1    -1     1     1    -1     1

    -1    -1    -1    -1     1     1    -1    -1     1    -1     1     1

    -1    -1    -1     1    -1    -1    -1     1    -1    -1    -1    -1

    -1    -1    -1     1    -1    -1     1    -1     1    -1     1     1

    -1    -1    -1     1    -1    -1    -1     1     1     1     1     1

    -1    -1    -1     1     1     1    -1     1     1     1    -1     1

    -1    -1     1    -1    -1    -1     1    -1     1    -1    -1    -1

    -1    -1    -1     1     1     1     1    -1     1    -1     1    -1

    -1    -1     1    -1    -1    -1     1     1    -1     1    -1     1

    -1    -1     1    -1     1    -1    -1    -1    -1     1    -1    -1

    -1    -1     1    -1     1    -1     1    -1     1     1     1     1

    -1    -1     1    -1    -1     1     1    -1    -1    -1     1    -1

    -1     1    -1    -1    -1    -1     1    -1     1     1    -1     1

    -1    -1     1     1     1     1     1     1     1     1     1     1

    -1    -1     1     1     1    -1     1    -1     1    -1    -1     1

    -1    -1     1     1    -1     1    -1     1     1    -1     1    -1

    -1     1    -1     1    -1     1     1     1    -1     1    -1     1

    -1     1    -1    -1    -1     1     1    -1    -1    -1    -1     1

    -1    -1     1     1     1    -1     1     1     1    -1     1    -1

    -1     1    -1    -1     1    -1     1     1    -1     1     1     1

    -1     1    -1    -1    -1     1    -1     1     1     1    -1     1

    -1     1    -1     1     1     1    -1     1    -1    -1    -1     1

    -1     1    -1     1    -1    -1    -1    -1     1    -1    -1    -1

    -1     1     1    -1     1    -1    -1    -1    -1    -1     1    -1

    -1     1     1     1    -1     1    -1    -1    -1    -1    -1    -1

    -1     1     1     1    -1    -1     1    -1     1     1     1     1




Table-2: Sequences for 2-bit case
	                                 Bit 00
	                            Bit 01

	-1    -1    -1    -1    -1    -1    -1     1    -1     1    -1    -1

-1    -1    -1    -1    -1    -1    -1    -1    -1    -1     1     1

-1    -1    -1    -1    -1    -1    -1     1    -1    -1    -1     1

-1    -1    -1    -1    -1    -1    -1     1     1    -1     1     1

-1    -1    -1    -1    -1    -1     1    -1    -1    -1    -1     1

-1    -1    -1    -1    -1    -1     1    -1     1    -1    -1    -1

-1    -1    -1    -1    -1    -1     1    -1     1    -1     1     1

-1    -1    -1    -1    -1     1    -1    -1     1    -1    -1    -1

-1    -1    -1    -1    -1     1     1    -1    -1    -1    -1    -1

-1    -1    -1    -1     1    -1    -1    -1     1    -1    -1     1

-1    -1    -1    -1     1     1    -1     1     1     1    -1     1
	-1    -1     1    -1    -1     1     1    -1    -1    -1     1    -1

-1    -1     1    -1    -1     1    -1     1     1     1    -1     1

-1    -1     1    -1    -1     1     1    -1     1     1    -1     1

-1     1    -1     1    -1    -1    -1    -1    -1    -1    -1    -1

-1    -1    -1     1    -1    -1    -1     1    -1     1     1    -1

-1    -1    -1    -1    -1     1    -1     1    -1     1    -1     1

-1    -1    -1     1    -1    -1    -1    -1    -1     1    -1    -1

-1    -1     1    -1    -1     1    -1     1    -1     1     1     1

-1    -1    -1    -1     1    -1    -1     1     1     1    -1    -1

-1    -1     1     1    -1     1     1    -1     1    -1    -1    -1

-1    -1     1    -1     1     1     1    -1     1    -1     1    -1


	                                 Bit 10                
	                                        Bit 11

	-1     1    -1     1    -1     1    -1    -1    -1    -1    -1     1

-1     1    -1     1    -1    -1     1     1    -1     1    -1     1

-1     1    -1     1    -1     1    -1    -1    -1     1    -1    -1

-1     1    -1     1    -1     1     1     1     1     1    -1     1

-1    -1     1    -1     1    -1     1     1     1    -1     1    -1

-1    -1     1     1    -1    -1    -1     1    -1    -1     1    -1

-1     1    -1    -1    -1     1    -1     1    -1    -1    -1     1

-1     1    -1     1    -1    -1    -1     1     1     1    -1     1

-1    -1    -1     1     1    -1     1    -1    -1     1     1     1

-1     1    -1     1     1     1    -1     1     1     1    -1    -1

-1     1     1    -1    -1     1    -1     1    -1    -1     1     1
	-1     1    -1     1    -1     1     1     1     1     1     1    -1

-1     1     1     1    -1    -1    -1    -1     1    -1    -1   -1

-1     1     1     1    -1    -1     1     1     1    -1    -1    -1

-1     1     1    -1    -1     1    -1    -1    -1     1     1     1

-1     1    -1    -1     1    -1    -1    -1     1     1    -1    -1

-1     1    -1     1    -1     1    -1    -1     1     1     1     -1

-1     1     1     1    -1    -1     1     1    -1     1     1      1

-1     1     1     1    -1    -1    -1    -1    -1    -1     1    -1

-1     1    -1     1    -1     1    -1     1    -1     1    -1     1

-1     1     1    -1    -1    -1     1     1     1     1    -1     1

 1     1     1     1     1      1     1     1     1     1      1      1
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