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1. Introduction
The following was agreed during RAN-1-Ad-hoc meeting:
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
In this contribution, we propose a method where BPSK or QPSK modulation alphabet is multiplied with a sequence that is mapped to M=12 subcarriers.  The sequence is a low PAPR computer generated sequence. The computer generated sequence is obtained using the following method:

1. 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.

12 orthogonal BPSK sequences, their PAPR and the DFT output are given in Table-1.
Table-1: 12 orthogonal sequences
	PAPR (dB)
	BPSK input sequences
	DFT output of 1+D precoder after FFT shift

	1.476
	1    -1     1     1     1     1     1     1    -1    -1    -1    -1
	0, 0.2679 + 1.0000i,  -6.4641 - 0.2679i,   2.0000 + 2.0000i, -0.4641 -11.1962i,  3.7321 + 1.0000i,  -0.0000 + 4.0000i,  3.7321 - 1.0000i, 6.4641 - 0.8038i,   2.0000 - 2.0000i,   0.4641 - 3.7321i,   0.2679 - 1.0000i

	1.86
	-1    -1    -1     1    -1    -1     1     1    -1     1    -1     1
	0,0, 0.7321 - 2.7321i,  -2.0000 - 2.0000i, -4.7321 + 1.2679i,   0,  -4.0000 + 8.0000i,   7.4641 - 2.0000i, -1.2679 + 4.7321i,  -6.0000 + 6.0000i,  -2.7321 + 0.7321i,   0.5359 - 2.0000i

	0.97
	1     1    -1    -1    -1    -1     1     1     1    -1    -1    -1
	0, -1.9282 + 3.1962i,   1.0000 - 1.7321i,  -2.0000 - 2.0000i, 

  -3.0000 + 1.7321i,  11.9282 - 7.1962i,   4.0000 + 0.0000i,   1.0000 - 3.7321i, -3.0000 - 1.7321i,   2.0000 - 2.0000i,  1.0000 + 1.7321i,   1.0000 - 0.2679i

	1.89
	-1    -1     1    -1    -1     1     1    -1     1     1    -1    -1
	0, -1.0000 - 0.2679i, -1.0000 - 3.7321i,  -2.0000 - 2.0000i, -6.4641 - 1.7321i,  -1.0000 - 3.7321i,  -4.0000 - 8.0000i,   4.4641 + 9.1962i, 0.4641 + 1.7321i,   2.0000 - 2.0000i,  -1.0000 - 0.2679i,  -2.4641 - 1.1962i

	1.86
	1     1    -1     1    -1     1    -1    -1    -1     1    -1    -1
	0,0, 0.7321 + 2.7321i,  -2.0000 - 2.0000i, 4.7321 - 1.2679i,   0.0000 + 0.0000i   4.0000 - 8.0000i,   7.4641 - 2.0000i,

	1.51
	1    -1    -1     1     1    -1     1    -1     1     1     1    -1


	0, 0.4641 - 1.7321i,   1.0000 - 1.7321i,   2.0000 + 2.0000i, -3.0000 + 1.7321i,  -6.4641 + 1.7321i,   4.0000 + 0.0000i,   8.4641 - 5.7321i, -3.0000 - 1.7321i,   6.0000 - 6.0000i,   1.0000 + 1.7321i,  1.5359 - 2.2679i

	1.82
	-1     1     1     1    -1    -1     1    -1    -1    -1     1    -1
	0, -1.0000 - 0.2679i,  -1.7321 + 3.0000i,  -2.0000 - 2.0000i, 5.1962 - 3.0000i,  -1.0000 - 3.7321i, -12.0000 + 0.0000i,   1.0000 - 3.7321i,  -5.1962 - 3.0000i,   2.0000 - 2.0000i,   1.7321 + 3.0000i,   1.0000 - 0.2679i

	1.4761
	1    -1     1    -1    -1    -1    -1     1    -1     1     1    -1
	0, -1.0000 - 0.2679i,  3.7321 + 0.4641i,  -2.0000 - 2.0000i, 0.8038 + 6.4641i,  -1.0000 - 3.7321i,  -4.0000 + 0.0000i,   1.0000 - 3.7321i, 11.1962 - 0.4641i,  2.0000 - 2.0000i,   0.2679 - 6.4641i,   1.0000 - 0.2679i

	1.47
	1     1     1    -1     1    -1     1    -1    -1     1    -1     1
	0, 0.2679 + 1.0000i,  0.4641 + 3.7321i,   2.0000 + 2.0000i, 6.4641 + 0.8038i,   3.7321 + 1.0000i,  -0.0000 - 4.0000i,   3.7321 - 1.0000i, -0.4641 +11.1962i,   2.0000 - 2.0000i,  -6.4641 + 0.2679i,  0.2679 - 1.0000i

	0.9762
	-1     1     1     1     1    -1    -1     1     1     1    -1    -1
	0, -3.2679 - 1.8038i, -2.0000 + 0.0000i,   2.0000 + 2.0000i, 0.0000 - 3.4641i,  -6.7321 -12.1962i,   4.0000 + 0.0000i,  -2.7321 - 2.7321i, 0.0000 + 3.4641i,  -2.0000 + 2.0000i,  -2.0000 + 0.0000i,   0.7321 + 0.7321i

	1.3699
	  1     1     1     1    -1     1     1     1     1     1     1     1
	0, -0.7321 + 0.7321i,   2.0000 + 0.0000i,  10.0000 +10.0000i, 0.0000 + 3.4641i,   2.7321 - 2.7321i,  -4.0000 + 0.0000i,   2.7321 + 2.7321i, 0.0000 - 3.4641i,  -2.0000 + 2.0000i,   2.0000 - 0.0000i,  -0.7321 - 0.7321i

	1.89
	-1     1    -1    -1     1     1     1     1    -1     1     1    -1
	0, 1.0000 + 0.2679i,  -1.0000 - 3.7321i,   2.0000 + 2.0000i, -6.4641 - 1.7321i,   1.0000 + 3.7321i,  -4.0000 - 8.0000i,  -4.4641 - 9.1962i, 0.4641 + 1.7321i,  -2.0000 + 2.0000i,  -1.0000 - 0.2679i,   2.4641 + 1.1962i


The PAPR of the sequences shown in Table-1 is significantly less than ZC sequences. Note that ZC sequences have 2.8-3.0 dB PAPR and would require higher PA back-off for cell edge UEs. The pi/2 BPSK based sequences are known to be suitable for PA operation near saturation.  One of 12 proposed sequences can be used for different users.
DMRS design
Since 1 or 2 bit long PUCCH has high RS density, channel estimation has higher accuracy. Therefore, ZC sequences (or a cyclic shifted version)  with OCC is recommended for RS. Although RS has higher PAPR than control data symbols, even if RS applies some amount of PA back-off, the higher RS overhead provides reliable channel estimates.
Simulation Results
We compare the performance of BPSK based long PUCCH with ZC and proposed pi/2 BPSK based sequences both using  a OCC of length 3 in Ped-B and TD-C (100ns delay spread) with 2-receiver antennas, M=12 subcarrier allocation. We observe a 0.2 dB gain for pi/2 BPSK based sequences in low SNR region. Both methods have similar BER at higher SNR.
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Figure 1: BER of 1 bit long PUCCH, Ped-B
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Figure 2:  BER of 1 bit long PUCCH, TDL 1000ns

Recommendations
1. The PAPR of proposed computer generated sequences that use pi/2 BPSK with 1+D precoding and DFT is less than ZC. Sequences proposed in Table-1 are used for 1 and 2 bit long PUCCH.

2. ZC sequences possibly with cyclic shit and OCC is used for RS
