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1. Introduction
The following was agreed during RAN-1-Ad-hoc meeting:
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.

In this contribution, we propose sequence modulation as per option 4. For 1 bit case we use a pair of  low PAPR computer generated sequences and for 2 bit case we use 4 computer generated low PAPR sequences. 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. These sequences facilitate PA operation near saturation region. ZC sequences have higher PAPR compared to the proposed sequences.
For 1 bit case, Table-1 gives 6 sequences of length M=12 where pairs can be used for sequence modulation. The following orthogonal pairs can be used (Seq-1, Seq-2), (Seq-3, Seq-4), (Seq-5, Seq-6) where Seq-1-6 are listed in Table-1.

For 2 bit case, Table-2a,b,c gives three sets of 4 orthogonal sequences in each Table.  The sequences listed in any set can be used for 2-bit case.

In Figures 1-2 we show the BER results for 1bit control transmission using ZC sequences (two shifts of base ZC) and proposed pi/2 BPSK based sequences in Ped-A and Ped-B channels for 2-receiver antenna case. We observe that both methods perform similarly.
In Fig 3-5 we show BER for 2 bit case. Both ZC and pi/2 BPSK sequences have similar BER.

2. Recommendations

Observation-1: The proposed pi/2 BPSK based computer generated sequences have PAPR significantly less than ZC sequences. The pi/2 BPSK based sequences can be used to transmit the signal near PA saturation power. 

Observation-2: The BER performance of proposed sequences is equal to ZC sequences

Recommendation:
1. Use the sequences given in Table-1 for 1-bit sequence modulation

2. Use the sequences given in Table-2 for 2-bit sequence modulation
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Figure 1: 1-bit sequence modulation Ped-B, Nr=2
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Figure 2: 1-bit sequence modulation Ped-A, Nr=2
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Figure 3: 2-bit sequence modulation Ped-B, Nr=2
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Figure 4: 2-bit sequence modulation TDL-C-1000ns, Nr=2
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Figure 5: 2-bit sequence modulation TDL-C-1000ns, Nr=2
Appendix: 
Table-1: 6 sequences for 1-bit case
	          BPSK input  
	    1+D precoder output
	   FFT Output (after fftshift)

	0     0     1     1     0     0     1     1     1     1     0     1

0     1     0     1     0     1     0     0     1     1     0     0

0     1     1     0     1     0     0     1         0     1     0     0

 0     0     0     0     0     0     0     0     0     0     0     1

  0     1     0     1     0     0     0     1     0     0     1     1

0     0     0     1     1     1     1     1     0     0     0     0


	 -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 - 1.0000i

-1.0000 + 1.0000i

  -1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

 -1.0000 + 1.0000i

  -1.0000 + 1.0000i

  -1.0000 + 1.0000i

  -1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 + 1.0000i

 -1.0000 - 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 + 1.0000i

  -1.0000 + 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 + 1.0000i

  -1.0000 + 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 - 1.0000i

 -1.0000 - 1.0000i

  -1.0000 + 1.0000i

   1.0000 + 1.0000i

   1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

-1.0000 + 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 + 1.0000i

  -1.0000 + 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

  -1.0000 - 1.0000i

   1.0000 - 1.0000i

   1.0000 + 1.0000i


	 -4.0000 - 8.0000i

  -2.0000 + 7.4641i

  -4.7321 - 1.2679i

   2.0000 - 2.0000i

   0.7321 + 2.7321i

  -2.0000 + 0.5359i

   0.0000 + 0.0000i

  -1.4641 + 1.4641i

  -2.7321 - 0.7321i

  -2.0000 - 2.0000i

  -1.2679 - 4.7321i

   5.4641 - 5.4641i

  4.0000 + 8.0000i

  -4.7321 + 4.7321i

  -1.2679 + 1.2679i

  -2.0000 + 2.0000i

  -0.7321 + 0.7321i

  -1.2679 + 1.2679i

   0.0000 + 0.0000i

  -0.7321 + 0.7321i

   2.7321 - 2.7321i

  -6.0000 - 6.0000i

  -4.7321 + 4.7321i

   2.7321 - 2.7321i

 0.0000 + 4.0000i

  -2.0000 + 7.4641i

   1.2679 + 2.1962i

  -2.0000 + 2.0000i

  -1.2679 - 0.7321i

  -2.0000 + 0.5359i

   0.0000 + 0.0000i

   1.4641 - 1.4641i

  -4.7321 + 2.7321i

  -2.0000 - 2.0000i

   4.7321 - 8.1962i

  -5.4641 + 5.4641i

   0.0000 - 4.0000i

   1.0000 - 3.7321i

   1.7321 - 3.0000i

 -10.0000 +10.0000i

   1.7321 - 1.0000i

   1.0000 - 0.2679i

   0.0000 + 0.0000i

  -1.0000 - 0.2679i

  -1.7321 - 1.0000i

  -2.0000 - 2.0000i

  -1.7321 - 3.0000i

  -1.0000 - 3.7321i

 -  4.0000 - 8.0000i

  -0.0000 + 0.0000i

   3.4641 - 3.4641i

  -2.0000 + 2.0000i

   2.0000 - 2.0000i

   0.0000 - 0.0000i

   0.0000 + 0.0000i

   1.4641 - 1.4641i

   2.0000 - 2.0000i

  -6.0000 - 6.0000i

  -3.4641 + 3.4641i

  -5.4641 + 5.4641i

0.0000 - 4.0000i

   1.0000 - 3.7321i

  -6.4641 +11.1962i

  -2.0000 + 2.0000i

  -6.4641 + 3.7321i

   1.0000 - 0.2679i

   0.0000 + 0.0000i

   1.0000 + 0.2679i

   0.4641 + 0.2679i

  -2.0000 - 2.0000i

   0.4641 + 0.8038i

   1.0000 + 3.7321i




Table-2A Sequence set 1, M=12

	PAPR (dB)
	BPSK input sequences
	DFT output 

	1.2
	0   0   0   1   1   1   1   1   0   1   0   0
	0,0.7321+0.7321i, -4.7321-4.7321i,0, -8.1962-8.1982i, -2.7321+2.7321i, 0, 4.7321-4.7321i, 2.1962+2.1962i, -4+4i, -1.2679-1.2679i, 1.2679-1.2679i

	1.22
	0   0   1   0   1   1   0   0   0   1   1   1
	0, 2.1962(1-i), 0.7321(1+i),0, 1.2679(1+i), -8.1982(1+i), -4(1+i), -4.7321(1-i), 4.7321(1+i), 0, -2.7321(1+i), -1.2679(1-i)

	1.17
	0   1   1   0   0   0   1   1   0   1   0   1
	0, -1.4641(1+i), 1.1641, 0, 2.5359i, 5.441(1-i), -8,0, 9.4641i, -4(1-i), -5.4641,0

	1.8
	1   1   1   0   1   1   0   1   0   0   0   0
	0, -0.4641+1.7321 -3.7321+2.4641, 0, 4.2679-6.4641i, 6.4641-1.7321i, 4(1-i), -6.4641-1.7321i, 7.7321+0.4641, 0, -0.2679-4.4641i, 0.4641+1.7321i


Table-2B  Sequence set 2, M=12

	PAPR (dB)
	BPSK input sequences
	DFT output 

	1.86
	0   1   1   1   0   1   1   0   0   1   0   1
	0,0,-2(1-i), 2(1+i), 3.4641(1-i),0,-8-4i, 5.4641(1+i), -3.4641(1-i), -6(1-i), -2(1-i),-1.4641(1+i)

	1.49
	1   1   1   1   1   0   1   0   1   1   1   0
	0,-1.2679(1+i), 2i, 6(1+i), 3.4641, -4.7321(1+i), -4i, 4.7321(1-I),-3.4641, 6(1-i), 2i, 1.2679(1-i)

	1.48
	1   1   0   1   0   0   0   0   0   0   1   1
	0, 1+0.2679i, 3+5.7321i, -2(1+i), 9.9282+5.1962i, 1+3.7321i, 4i, 1-3.7321i, -3.9282-5.1962i, -1(1-i), 3+2.2679i, 1-0.2689i

	1.988
	0   1   1   0   0   0   1   1   1   0   1   1
	0, -1.4641(1-i), 2.7321-0.7321i, 2(1+i), -1.2679+4.7321i, 5.4641(1-i), -8+4i,-7.4641+2i, -4.7321+1.2679i, 2(1-i), -0.7321+2.7321i, -0.5359+2i


Table-2C  Sequence set 3, M=12

	PAPR (dB)
	BPSK input sequences
	DFT output

	0.64881
	0   1   1   1   1   1   1   1   1   0   0   0
	0, -1.7321+0.4641i, -6.4641-1.7321i, 4(1+i), -3-11.1962i, 1.7321 - 6.4641i, 0, -3.7321 + I,

-3.0000 - 0.8038i, 0, 0.4641 + 1.7321i, -0.2679 + 1.0000i

	1.5
	1   0   0   1   0   0   1   1   1   0   0   1
	0, -0.4641 + 1.7321i, 1.0000 - 1.7321i, 0, -3 + 1.7321i, 6.4641 - 1.7321, 4. +12i, 6.4641 + 1.7321i, -3- 1.7321i, 0, 1. + 1.7321i, -0.4641 - 1.7321i

	1.7422
	1   0   1   0   0   1   0   0   1   0   0   0
	0, -0.7321 + 0.7321i, -0.7321 + 0.7321i, -4.0000-4.0000i, 1.2679 - 1.2679i, 2.7321 - 2.7321i, 4.0000 - 4.0000i, 0.7321 +10.1962i, 4.7321 - 4.7321i, 4.0000 - 4.0000i, 2.7321 - 2.7321i, -2.7321 - 0.1962i

	1.13
	1   1   1   1   0   1   0   1   1   1   1   1
	0, -1.0000 - 0.2679i, 3.0000 + 1.7321i, 8.0000 + 8.0000i, 3.0000 + 5.1962i, -1.0000 - 3.7321i, 0 -1.0000 + 3.7321i, 3.0000 - 5.1962i, -4.0000 + 4.0000i, 3.0000 - 1.7321i, -1.0000 + 0.2679i


