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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.
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

In this contribution, we specify 30 base BPSK sequences each with a maximum of up to 6 cyclic shifts. The waveform has low PAPR and can be used to transmit the signal with full PA power [1]. The proposed sequences have less correlation compared to LTE CGS and other proposals.
Specifically, 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:

· Length M=12 BPSK sequence followed by pi/2 constellation rotation

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

· Mapping of DFT output to M-subcarriers.

We specify 30 base BPSK computer generated sequences each with a maximum of up to 6 cyclic shifts. A maximum of 18 users can be multiplexed using a OCC of length 3. The specification may specify the base BPSK sequences or the frequency domain sequence.
Table 1 shows 30 BPSK case sequences. Each base sequence can have a maximum of 6 circular shifts (right or left circular shift). The CDF of cross correlation is shown in Figure 0. The proposed sequences have zero cross correlation for 25% of cases whereas LTE CGS or other company proposals have significant non-zero cross correlation.  Overall, the proposed IITH sequences offer significantly less interference.

	S.NO
	                                         Base BPSK sequence

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

	2
	 -1    -1    -1    -1    -1     1     1    -1    -1     1    -1     1



	3


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

	4
	1    -1    -1    -1     1    -1     1     1     1    -1    -1     1



	5
	-1    -1    -1    -1     1     1    -1     1    -1    -1    -1     1

	6
	1    -1    -1     1    -1    -1    -1     1    -1     1     1    -1

	7
	1    -1    -1     1     1    -1     1     1     1     1    -1     1

	8
	1     1    -1    -1    -1     1    -1    -1    -1    -1     1     1

	9
	-1     1    -1     1     1    -1    -1    -1    -1     1    -1    -1

	10
	-1     1     1    -1     1    -1     1     1     1     1     1    -1

	11
	  -1     1     1     1    -1     1    -1    -1    -1    -1     1    -1



	12
	1    -1     1     1    -1    -1     1     1     1     1     1    -1

	13
	  -1    -1    -1    -1     1    -1    -1    -1     1    -1     1     1



	14
	1    -1    -1    -1     1     1    -1    -1     1    -1     1    -1

	15
	1    -1    -1     1    -1    -1    -1    -1     1     1    -1     1

	16
	-1    -1    -1     1    -1    -1     1     1     1    -1     1    -1



	17
	1    -1    -1     1    -1     1     1     1     1    -1     1     1



	18
	-1    -1     1    -1    -1    -1    -1     1    -1     1     1     1

	19
	-1    -1     1    -1     1     1    -1    -1    -1    -1     1    -1

	20
	-1    -1     1     1    -1     1    -1    -1    -1     1    -1    -1



	21
	1     1    -1    -1     1     1    -1    -1    -1    -1    -1     1



	22
	1    -1     1    -1    -1    -1     1     1    -1     1     1     1



	23
	 1     1    -1     1    -1     1     1     1     1     1    -1    -1



	24
	1     1     1     1     1    -1     1    -1     1     1    -1    -1



	25
	1    -1    -1    -1     1    -1     1    -1    -1     1     1    -1

	26
	-1    -1    -1     1    -1     1     1    -1    -1    -1    -1     1



	27
	1    -1    -1     1    -1     1     1     1    -1    -1     1    -1



	28
	1    -1    -1     1     1    -1    -1     1    -1     1    -1    -1

	29
	1    -1    -1     1     1    -1     1    -1    -1    -1     1    -1



	30
	1    -1     1    -1    -1     1     1     1    -1     1    -1    -1


Table 1: 30 Base BPSK sequences
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Figure 0: CDF of cross correlation

Simulation Results

We compare the performance of BPSK based long PUCCH with ZC and proposed pi/2 BPSK based sequences both using an 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

Conclusions
1. The PAPR of proposed computer-generated sequences that use pi/2 BPSK with 1+D precoding and DFT is less than LTE computer generated sequences. The new sequence permit transmission with full PA power. See [1] for further details.
2. The proposed BPSK base sequences with up to 6 cyclic shifts has significantly less cross correlation compared to LTE computer generated sequences. The proposed sequences have zero cross correlation for about 25% of cases whereas LTE CGS and other proposals have significant non-zero cross correlation. The proposed sequences offer significantly less interference compared to other proposals including LTE CGS.
Proposal: Adopt pi/2 BPSK based CGS as proposed in the contribution
2. References
1. R4-1710231, “On spectrum shaping requirements for Pi/2 BPSK”, IITH
