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In RAN1 NR Ad-Hoc#2 Meeting [1], it was agreed that for 1-symbol PUCCH with 1 or 2 bit(s) UCI payload size “sequence selection with low PAPR” to be supported. Furthermore, in RAN1#90 [2], it was agreed:
Agreements:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.
· Further study 24 or 48 REs.
· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).
· Including comb-structure
· For the sequence length of 12 REs,
· The supported number of base sequences is 30
· The number of cyclic shifts available for one base sequence is 12
In this contribution, we evaluate different low PAPR & low cross correlation computer-generated sequence sets for Short PUCCH for 1-2 bit symbols. These sequences may also be considered for long PUCCH. 
Sequence Consideration for Short PUCCH
It has been agreed that sequence-based design to be adopted for Short PUCCH for 1-2 bits. For this design, constant amplitude (i.e., unimodular) sequences which leads to low PAPR is highly desirable to increase coverage range and robust detection. Unimodular sequences are particularly suitable for a sequence-based Short PUCCH since circular time shifts of a signal generated through a unimodular sequence are orthogonal to each other [3]. For example, let  be a unimodular sequence, i.e., ,  for, , be mapped to RBs. Then
                                (1)
where

for  is the circular shift in time. By choosing maximally apart shifts for ACK and NACK sequences, i.e.,  for ACK and  for NACK, it is possible to increase the separation between ACK and NACK symbols in multipath channel, which will also increase the detection performance.
Observation 1: Circular time shifts of a signal generated through a unimodular sequence are orthogonal to each other. 
In this paper, we discuss several unimodular sequence options, so called computer generated sequences (CGSs), for Short PUCCH generated through the algorithm. The proposed sequences are constructed under the condition of being unimodular for a given modulation order (i.e., the alphabet for the elements of the sequence) for the sequences. We show that it is possible to generate 30 sequences with length of 12 which achieve a target maximum PAPR and a target maximum correlation for a given modulation order and discuss the trade-off between maximum correlation – maximum PAPR – and modulation.
Zadoff-Chu sequences are prime-length unimodular sequences. In our previous contributions [4][5], we showed that expanded or truncated ZC sequences are suboptimal in terms of PAPR when  where is IDFT size and  is the sequence length. In addition, the maximum cross-correlation between the truncated ZC sequences may be high, which is desirable for dense network. Besides, the alphabet for the ZC sequences can be arbitrary which may increase the transmitter and receiver complexity.
Trade-off Between Correlation, PAPR & Modulation for Base Sequences
If the base sequences are unimodular, i.e., the amplitude of the elements of each sequence is identical, the base sequence would be orthogonal to its cyclic shifted versions in time as given in (1). Since there can be only 12 orthogonal sequences in 12-dimensional space (as the sequence length is 12), the orthogonality between two unimodular base sequences cannot be maintained for all cyclic shifts. In other words, the base sequences are not orthogonal to each other for all cyclic shift combinations and causes non-zero cross correlation values. However, to minimize the interference across different cells, the cross-correlation between two different base sequences (and their cyclic shifts) should be as low as possible. 
Another design criterion for the base sequences may be low PAPR signal generated through the inverse DFT of the sequences (or inverse Fourier transform of the sequences). The PAPR of the continuous-time signal cannot be obtained precisely by using Nyquist rate sampling. Hence, the signal should be oversampled to measure the PAPR accurately, i.e., . It is typically challenging to achieve both low cross-correlation and low PAPR for the base sequences at the same time since the number of required base sequences, i.e. 30 is greater than the sequence length, i.e., 12.
Another design criterion is the modulation order of the sequences. To achieve unimodular base sequences with low-complexity transmitter and receiver, the modulation order of the base sequence may be M-PSK. Typically, low-order modulation (or alphabet) would decrease the transmitter and receiver complexity. However, by cyclically shifting the OFDM symbol in time, the modulated sequence would be different from the original base sequence. For example, assuming the modulation for the base sequence is QPSK and the cyclic shift is one in equation (1), then the modulated sequence would be different from the original QPSK due to the phase rotation. One way of circumventing this issues is that if the length of the sequence is , the modulation type for the base sequence to be -PSK. For example, if the length of the base sequence is =12, 12-PSK may be used as the modulation for the sequence. This approach can decrease the complexity of the transmitter and receiver since using 12 different cyclic shifts does not change the modulation of the original base sequence in frequency.
In this contribution, we propose 12 different sets of CGSs suitable for Short PUCCH. The set of CGSs are tabulated in the appendix. In Table 1, the features of the sets generated via the method described in the appendix are shown, which yields different maximum correlation, modulation order, and PAPR. As can be seen from the table, the denser constellations may achieve a better PAPR performance for a given maximum correlation. On the other hand, decreasing the maximum correlation between the base sequences causes a higher PAPR for a given modulation order. For example, 
· The proposed base sequences with 12 PSK modulation achieves either
· Maximum: 7/12 correlation, 2.5 dB PAPR
· Maximum: 9/12 correlation, 2 dB PAPR
· The proposed base sequences with 16 PSK modulation achieves either 
· Maximum: 7/12 correlation, 2.4 dB PAPR
· Maximum: 9/12 correlation, 1.9 dB PAPR
· The proposed base sequences with 64 PSK modulation achieves either 
· Maximum: 7/12 correlation, 2.3 dB PAPR
· Maximum: 9/12 correlation, 1.8 dB PAPR
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	Maximum Correlation: 7/12

	M-PSK
	PAPR:1.7
	PAPR:1.8
	PAPR:1.9
	PAPR:2
	PAPR:2.1
	PAPR:2.2
	PAPR:2.3
	PAPR:2.4
	PAPR:2.5
	PAPR:2.6
	PAPR:2.7

	M:12
	 
	 
	 
	 
	 
	 
	 
	 
	Set 1
	 
	 

	M:16
	 
	 
	 
	 
	 
	 
	 
	Set 2
	 
	 
	 

	M:64
	 
	 
	 
	 
	 
	 
	Set 3
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Maximum Correlation: 7.5/12

	M-PSK
	PAPR:1.7
	PAPR:1.8
	PAPR:1.9
	PAPR:2
	PAPR:2.1
	PAPR:2.2
	PAPR:2.3
	PAPR:2.4
	PAPR:2.5
	PAPR:2.6
	PAPR:2.7

	M:12
	 
	 
	 
	 
	 
	Set 4
	 
	 
	 
	 
	 

	M:16
	 
	 
	 
	 
	Set 5
	 
	 
	 
	 
	 
	 

	M:64
	 
	 
	 
	Set 6
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Maximum Correlation: 8/12

	M-PSK
	PAPR:1.7
	PAPR:1.8
	PAPR:1.9
	PAPR:2
	PAPR:2.1
	PAPR:2.2
	PAPR:2.3
	PAPR:2.4
	PAPR:2.5
	PAPR:2.6
	PAPR:2.7

	M:12
	 
	 
	 
	 
	Set 7
	 
	 
	 
	 
	 
	 

	M:16
	 
	 
	 
	Set 8
	 
	 
	 
	 
	 
	 
	 

	M:64
	 
	 
	Set 9
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Maximum Correlation: 9/12

	M-PSK
	PAPR:1.7
	PAPR:1.8
	PAPR:1.9
	PAPR:2
	PAPR:2.1
	PAPR:2.2
	PAPR:2.3
	PAPR:2.4
	PAPR:2.5
	PAPR:2.6
	PAPR:2.7

	M:12
	 
	 
	 
	Set 10
	 
	 
	 
	 
	 
	 
	 

	M:16
	 
	 
	Set 11
	 
	 
	 
	 
	 
	 
	 
	 

	M:64
	 
	Set 12
	 
	 
	 
	 
	 
	 
	 
	 
	 




Numerical Results
In this section, we provide the PAPR and cross-correlation results for the proposed CGS sets. 
Sample-power Distribution (PAPR)
In Table 2, we tabulate the PAPR of each proposed sequence in the set as well as the maximum cross-correlation. Also in Table 2, we included the PAPR and the cross-correlation values of the proposed sequences in [6] for comparison. Based on the results in this table, we have the following observations for different sets:
· The maximum PAPR for Sets 5-12 (i.e., 2.0991 dB) is less than the minimum PAPR (i.e., 2.1494 dB) for the sequences in [6].
· The maximum cross-correlation for Sets 1-9 are less than or equal to 8/12.
· If the maximum cross-correlation is relaxed to 9/12, the maximum (minimum) PAPR can be limited to 1.8 dB (1.77 dB) with Set 12.
· If the maximum (minimum) PAPR is relaxed to 2.3 dB (2.15 dB), the maximum correlation can be limited to 7/12 with Set 3.

As can be seen, there is a trade-off between the cross-correlation performance and the PAPR performance of different sequence sets. It is worth noting that compared to the sequences proposed in [6], in average, the proposed sequence sets show lower PAPR and better cross-correlation performance, which indicates that the proposed sequences provide better overall performance. For example, the sequence Set 9 has a PAPR of 1.9dB and the maximum correlation of 8/12. Similarly, the sequence Set 5 has a PAPR of 2.1 dB and the maximum correlation of 7.5/12. Based on these results, we have the following observation:
Observation 2: The proposed sequences in Set 5 to Set 9 outperform the sequences in [6] in terms of both PAPR and cross correlation (i.e., their PAPR is less than 2.1 dB and the maximum cross correlation is 8/12). 
Observation 3: If the maximum correlation values are 9/12 and 7/12, the minimum (maximum) PAPR for the proposed sequences can be limited to 1.77 dB (1.8 dB) and 2.15 dB (2.3 dB) with Set 12 and Set 3 respectively.
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	Set 1
	Set 2
	Set 3
	Set 4
	Set 5
	Set 6
	Set 7
	Set 8
	Set 9
	Set 10
	Set 11
	Set 12
	[6]

	Max.. Corr.
	7/12
	7/12
	7/12
	7.5/12
	7.5/12
	7.5/12
	8/12
	8/12
	8/12
	9/12
	9/12
	9/12
	8/12

	Max. PAPR
	2.5000
	2.3990
	2.2983
	2.1938
	2.0991
	1.9998
	2.0931
	1.9948
	1.8999
	1.9965
	1.8973
	1.7996
	2.9909

	Min. PAPR
	2.2177
	2.1496
	2.1583
	1.9268
	1.6941
	1.7728
	1.7784
	1.7866
	1.7812
	1.7850
	1.7297
	1.7164
	2.1494

	Ave. PAPR
	2.4300
	2.3097
	2.2431
	2.1130
	2.0099
	1.9428
	2.0178
	1.9305
	1.8561
	1.9291
	1.8493
	1.7705
	2.6299

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Seq. Index
	PAPR (dB)

	Seq. 1
	2.4821
	2.3872
	2.2106
	2.1622
	1.9541
	1.9881
	2.0841
	1.9057
	1.8541
	1.7850
	1.7591
	1.7959
	2.1494

	Seq. 2
	2.4808
	2.3831
	2.2112
	2.1782
	2.0588
	1.9952
	2.0419
	1.7955
	1.8704
	1.8712
	1.7297
	1.7943
	2.1494

	Seq. 3
	2.4898
	2.2999
	2.1583
	2.1216
	1.6941
	1.9014
	1.9734
	1.9333
	1.8453
	1.9326
	1.8616
	1.7703
	2.3486

	Seq. 4
	2.2665
	2.3942
	2.1974
	2.1862
	2.0610
	1.9538
	2.0435
	1.9803
	1.8765
	1.9410
	1.7981
	1.7400
	2.3486

	Seq. 5
	2.4290
	2.3263
	2.2463
	1.9748
	2.0560
	1.9002
	2.0510
	1.7866
	1.8542
	1.7851
	1.7955
	1.7577
	2.4069

	Seq. 6
	2.3758
	2.3893
	2.2931
	2.1633
	1.9737
	1.9566
	1.9443
	1.8352
	1.7812
	1.9567
	1.8865
	1.7741
	2.4069

	Seq. 7
	2.4719
	2.2589
	2.1787
	2.0739
	1.9737
	1.8771
	2.0778
	1.9007
	1.8878
	1.9500
	1.8817
	1.7996
	2.4069

	Seq. 8
	2.4843
	2.1671
	2.1962
	2.1008
	2.0486
	1.8753
	2.0931
	1.9784
	1.8805
	1.8016
	1.8614
	1.7967
	2.4069

	Seq. 9
	2.5000
	2.3410
	2.2359
	2.1938
	1.9954
	1.9730
	1.9663
	1.9864
	1.8821
	1.9412
	1.8865
	1.7933
	2.4753

	Seq. 10
	2.4929
	2.3990
	2.2674
	1.9268
	2.0956
	1.9635
	1.9123
	1.9455
	1.8999
	1.9883
	1.7981
	1.7164
	2.4753

	Seq. 11
	2.2606
	2.2451
	2.2621
	1.9567
	2.0523
	1.9998
	2.0449
	1.9716
	1.8054
	1.9496
	1.7955
	1.7855
	2.5435

	Seq. 12
	2.4661
	2.2620
	2.1733
	2.1915
	2.0956
	1.9436
	2.0419
	1.9070
	1.8504
	1.9805
	1.8810
	1.7822
	2.5435

	Seq. 13
	2.4639
	2.3464
	2.2761
	2.1888
	2.0761
	1.9212
	1.9567
	1.7981
	1.8387
	1.8257
	1.8713
	1.7495
	2.6023

	Seq. 14
	2.3576
	2.1496
	2.2062
	2.1896
	2.0443
	1.9943
	1.7784
	1.9463
	1.8248
	1.8554
	1.8560
	1.7774
	2.6023

	Seq. 15
	2.4590
	2.2281
	2.2844
	2.1481
	1.9773
	1.8389
	2.0093
	1.9463
	1.8770
	1.9567
	1.8865
	1.7874
	2.6207

	Seq. 16
	2.4508
	2.3132
	2.2664
	2.0738
	2.0513
	1.7728
	2.0449
	1.9677
	1.8677
	1.9636
	1.8780
	1.7678
	2.6207

	Seq. 17
	2.4510
	2.2429
	2.2441
	2.0091
	2.0283
	1.9963
	2.0807
	1.9673
	1.8797
	1.9839
	1.8459
	1.7486
	2.6284

	Seq. 18
	2.3876
	2.2940
	2.1917
	2.1788
	2.0078
	1.9888
	2.0216
	1.9792
	1.8086
	1.9663
	1.8430
	1.7996
	2.6284

	Seq. 19
	2.2177
	2.2891
	2.2656
	2.1789
	2.0991
	1.8898
	1.9525
	1.9825
	1.8585
	1.9499
	1.8352
	1.7354
	2.7036

	Seq. 20
	2.4975
	2.3824
	2.2226
	2.0948
	1.9752
	1.8664
	2.0817
	1.9479
	1.8850
	1.9799
	1.8549
	1.7552
	2.7036

	Seq. 21
	2.3397
	2.3391
	2.2852
	2.1805
	2.0453
	1.9582
	2.0716
	1.8468
	1.8759
	1.8663
	1.8230
	1.7517
	2.7594

	Seq. 22
	2.4972
	2.2935
	2.2064
	2.1727
	2.0255
	1.9711
	2.0577
	1.9802
	1.8852
	1.9564
	1.8465
	1.7825
	2.7594

	Seq. 23
	2.4312
	2.3195
	2.2983
	2.0890
	1.8261
	1.9935
	2.0928
	1.9563
	1.8225
	1.8008
	1.8973
	1.7953
	2.9174

	Seq. 24
	2.4976
	2.3072
	2.2941
	2.1171
	1.7800
	1.9958
	2.0836
	1.9636
	1.8538
	1.9856
	1.8549
	1.7595
	2.9174

	Seq. 25
	2.4834
	2.2249
	2.2894
	2.1370
	2.0955
	1.9856
	2.0874
	1.9882
	1.8522
	1.9962
	1.8780
	1.7887
	2.9209

	Seq. 26
	2.4175
	2.2970
	2.2882
	2.0849
	2.0513
	1.9405
	2.0502
	1.9882
	1.8813
	1.9856
	1.8575
	1.7370
	2.9209

	Seq. 27
	2.4080
	2.3879
	2.2364
	2.0252
	2.0922
	1.9761
	1.9567
	1.9522
	1.8966
	1.9838
	1.8774
	1.7951
	2.9631

	Seq. 28
	2.3826
	2.3716
	2.2479
	2.1353
	2.0891
	1.9500
	2.0686
	1.9634
	1.8352
	1.9965
	1.8780
	1.7455
	2.9846

	Seq. 29
	2.4735
	2.3261
	2.2614
	2.1135
	1.9261
	1.9436
	2.0285
	1.8196
	1.8263
	1.9838
	1.8780
	1.7834
	2.9909

	Seq. 30
	2.4855
	2.3255
	2.2973
	2.0447
	2.0470
	1.9732
	1.8360
	1.9948
	1.8246
	1.9525
	1.8833
	1.7489
	2.9909



In Figure 1, we compare the sample power distribution of the normalized signal generated through the sequences in Set 7, Set 9 and the sequences proposed in [6]. As can be seen for 1e-2 probability, the gain from the sequences in Set 7 and Set 9 over the sequences in [6] can reach up to 1.5 dB.
[image: ]
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[bookmark: _Ref492306748]Figure 1 PAPR comparison

Observation 4: With 1e-2 probability, the gain from the sequences in Set 7 and Set 9 over the sequences in [6] can reach up to 1.5 dB.
Cross-correlation between Base-sequences
The correlation performance of the sequences is given in Figure 2. In this figure,  shows the unnormalized maximum correlation coefficient where  and  represent zero and full correlation, respectively. The figure shows the CDF of  for the proposed sequences including their cyclic shifts. For comparison purpose, we have also included the CDF of the sequences proposed in [6] in Figure 2. As can be seen in the figure, the proposed sequence Sets 1-6 achieve lower maximum correlation performance, i.e., 7 and 7.5, than the sequences proposed in [6], i.e., 8. However, the sequences in Sets 7-9 achieve the same maximum cross correlation as those in [6], i.e., 8. We should also note that the sequences in Sets 10-12 provide higher maximum correlation than 8; however, the cross-correlation will be less than 6/12 (3/12) for all sequences with 95% (50%) probability. 
[image: ]
[bookmark: _Ref492302786]Figure 2 Correlation performance of the proposed sequences
Hence, we have the following observations:
Observation 5: The proposed sequence Sets 1- 6 achieve lower maximum correlation performance, i.e., 7 and 7.5, than the sequences proposed in [6].
Observation 6: The cross-correlation of the proposed sequence sets are less than 6/12 (3/12) for all sequences with 95% (50%) probability.
Conclusions
In this contribution, we have the following observations on the sequences for Short PUCCH for 1-2 bits:
Observation 1: Circular time shifts of a signal generated through a unimodular sequence are orthogonal to each other. 
Observation 2: The proposed sequences in Set 5 to Set 9 outperform the sequences in [6] in terms of both PAPR and cross correlation (i.e., their PAPR is less than 2.1 dB and the maximum cross correlation is 8/12). 
Observation 3: If the maximum correlation values are 9/12 and 7/12, the minimum (maximum) PAPR for the proposed sequences can be limited to 1.77 dB (1.8 dB) and 2.15 dB (2.3 dB) with Set 12 and Set 3 respectively.
Observation 4: With 1e-2 probability, the gain from the sequences in Set 7 and Set 9 over the sequences in [6] can reach up to 1.5 dB.
Observation 5: The proposed sequence Sets 1- 6 achieve lower maximum correlation performance, i.e., 7 and 7.5, than the sequences proposed in [6].
Observation 6: The cross-correlation of the proposed sequence sets are less than 6/12 (3/12) for all sequences with 95% (50%) probability.
Based on the above observations, we make the following proposal:
Proposal 1: The trade-off between correlation, PAPR & modulation order should be considered for the sequence design for1-symbol short-PUCCH of up to 2 bits
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Appendix
Algorithm for Computer Generated Base Sequences
A unimodular sequence which leads to a low PAPR may be generated with an algorithm below for short PUCCH. In order to decrease the PAPR of sequences, the following algorithm may be used:
Step 1: 
Choose an initial sequence  of length , 
Set iterationIndex=0, 
Set numberOfIterations = M
Step 2: Map  to the subcarriers 
Step 3: Calculate the inverse -point DFT of the mapped sequence and generate 
Step 4: Scale the th elements of ,  such that , where  is a constant
Step 5: Calculate the -point DFT of the scaled sequence and generate 
Step 6: Puncture  (i.e., get only  elements of ) and generate 
Step 7: Scale the th elements of , i.e.,  such that  where  is a constant
Step 9: Set iterationIndex := iterationIndex + 1
Step 10: Assign  to 
Step 11: If iterationIndex <  and go Step 2 else go Step 12
Step 12: Set  as final sequence

[image: ]
Figure 3 CGS generation methodology
After the sequence is generated, the elements of the sequence are quantized based on a PSK constellation. We generate multiple sequences by discarding or accepting the sequences based on the cross-correlation of the candidate sequence with the accepted sequences (and including their cyclic shifts.).
PAPR Results for the proposed CGSs
IDFT size is set to 2048 for the sample-power distribution (i.e., PAPR) analysis.

[image: ][image: ][image: ]
a) 12PSK                               b) 16PSK                           c) 64PSK
[bookmark: _Ref492306132]Figure 4 PAPR (maximum unnormalized cross-correlation is 7)
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a) 12PSK                               b) 16PSK                           c) 64PSK
[bookmark: _Ref492306135]Figure 5 PAPR (maximum unnormalized cross-correlation is 7.5)
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a) 12PSK                               b) 16PSK                           c) 64PSK
[bookmark: _Ref492306136]Figure 6 PAPR (maximum unnormalized cross-correlation is 8)
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a) 12PSK                               b) 16PSK                           c) 64PSK
[bookmark: _Ref492306137]Figure 7 PAPR (maximum unnormalized cross-correlation is 9)

Base Sequence Set 1: Maximum Correlation:7, Maximum PAPR: 2.5dB, Modulation: 12PSK
The sequences are generated as exp(j*pi*2*a/M) where M is the order of M-PSK and a is an integer number listed below.
	Seq. Index
	Maximum Correlation:7, Maximum PAPR: 2.5dB, Modulation: 12PSK
	PAPR (dB)

	Seq. 1
	0
	0
	8
	7
	6
	0
	6
	4
	9
	5
	7
	10
	2.482115

	Seq. 2
	0
	5
	6
	0
	7
	0
	11
	1
	4
	2
	0
	0
	2.480773

	Seq. 3
	0
	7
	2
	0
	9
	10
	7
	10
	1
	2
	5
	10
	2.489808

	Seq. 4
	0
	2
	0
	1
	0
	4
	7
	9
	3
	2
	11
	6
	2.26654

	Seq. 5
	0
	10
	8
	5
	6
	0
	4
	6
	5
	9
	6
	11
	2.428969

	Seq. 6
	0
	4
	4
	4
	10
	9
	9
	5
	9
	8
	4
	8
	2.375797

	Seq. 7
	0
	9
	8
	1
	11
	11
	1
	6
	10
	7
	1
	5
	2.471918

	Seq. 8
	0
	1
	3
	2
	11
	11
	5
	6
	0
	6
	0
	9
	2.484311

	Seq. 9
	0
	7
	3
	1
	7
	8
	10
	3
	0
	2
	11
	1
	2.499985

	Seq. 10
	0
	11
	1
	2
	3
	10
	8
	3
	8
	2
	4
	0
	2.492942

	Seq. 11
	0
	10
	1
	10
	3
	10
	8
	7
	1
	3
	8
	11
	2.260635

	Seq. 12
	0
	3
	10
	7
	5
	1
	5
	10
	1
	1
	3
	1
	2.466075

	Seq. 13
	0
	3
	9
	11
	9
	7
	5
	10
	8
	0
	10
	1
	2.463874

	Seq. 14
	0
	1
	3
	5
	2
	1
	2
	9
	2
	9
	9
	4
	2.357643

	Seq. 15
	0
	7
	2
	2
	7
	2
	5
	5
	8
	2
	2
	1
	2.458962

	Seq. 16
	0
	9
	0
	7
	9
	8
	0
	3
	4
	0
	6
	5
	2.450773

	Seq. 17
	0
	7
	2
	6
	4
	1
	9
	10
	5
	7
	8
	9
	2.451026

	Seq. 18
	0
	5
	11
	10
	1
	8
	7
	6
	0
	11
	10
	2
	2.387585

	Seq. 19
	0
	11
	1
	3
	2
	1
	8
	10
	3
	8
	5
	0
	2.217737

	Seq. 20
	0
	5
	11
	3
	2
	8
	3
	4
	6
	5
	1
	0
	2.497459

	Seq. 21
	0
	6
	8
	0
	8
	7
	0
	10
	0
	7
	5
	7
	2.339717

	Seq. 22
	0
	3
	1
	6
	4
	8
	5
	3
	2
	8
	0
	3
	2.49721

	Seq. 23
	0
	1
	0
	9
	6
	1
	3
	9
	3
	9
	9
	0
	2.43122

	Seq. 24
	0
	3
	0
	2
	7
	11
	11
	2
	10
	6
	3
	3
	2.497646

	Seq. 25
	0
	5
	8
	8
	9
	7
	9
	4
	1
	10
	6
	10
	2.483419

	Seq. 26
	0
	6
	7
	6
	0
	1
	10
	1
	1
	9
	1
	11
	2.417492

	Seq. 27
	0
	10
	6
	6
	2
	4
	5
	11
	4
	1
	4
	5
	2.40798

	Seq. 28
	0
	6
	4
	2
	9
	10
	9
	11
	7
	9
	10
	3
	2.382565

	Seq. 29
	0
	9
	2
	2
	1
	9
	10
	0
	4
	5
	0
	5
	2.473486

	Seq. 30
	0
	3
	11
	8
	3
	4
	9
	11
	0
	11
	1
	8
	2.485548





Base Sequence Set 2: Maximum Correlation: 7, Maximum PAPR: 2.4dB, Modulation: 16PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 7, Maximum PAPR: 2.4dB, Modulation: 16PSK
	PAPR (dB)

	Seq. 1
	0
	13
	3
	2
	6
	1
	0
	15
	8
	11
	3
	10
	2.38719

	Seq. 2
	0
	0
	2
	13
	14
	2
	8
	2
	10
	11
	5
	0
	2.383121

	Seq. 3
	0
	8
	3
	13
	9
	12
	2
	4
	1
	1
	0
	3
	2.299888

	Seq. 4
	0
	12
	6
	0
	15
	4
	6
	6
	0
	3
	13
	1
	2.39419

	Seq. 5
	0
	12
	2
	9
	8
	13
	3
	3
	0
	6
	5
	3
	2.326265

	Seq. 6
	0
	14
	9
	4
	9
	6
	11
	11
	12
	3
	9
	13
	2.389299

	Seq. 7
	0
	0
	2
	1
	4
	12
	14
	7
	7
	2
	12
	4
	2.258922

	Seq. 8
	0
	12
	1
	14
	12
	7
	12
	3
	12
	14
	1
	5
	2.167114

	Seq. 9
	0
	2
	7
	1
	2
	7
	6
	3
	13
	1
	13
	6
	2.340976

	Seq. 10
	0
	7
	10
	12
	0
	8
	3
	4
	3
	2
	10
	5
	2.399046

	Seq. 11
	0
	12
	11
	10
	3
	15
	5
	3
	5
	9
	0
	5
	2.24507

	Seq. 12
	0
	4
	4
	10
	7
	0
	7
	11
	5
	6
	2
	1
	2.261996

	Seq. 13
	0
	15
	10
	3
	9
	6
	4
	8
	15
	4
	5
	7
	2.346409

	Seq. 14
	0
	6
	2
	8
	6
	8
	6
	2
	0
	7
	10
	0
	2.149592

	Seq. 15
	0
	13
	2
	14
	8
	3
	4
	0
	5
	10
	15
	0
	2.228086

	Seq. 16
	0
	1
	7
	6
	0
	11
	7
	8
	8
	3
	9
	0
	2.3132

	Seq. 17
	0
	6
	14
	11
	5
	15
	2
	8
	7
	7
	4
	6
	2.242946

	Seq. 18
	0
	2
	12
	10
	3
	4
	14
	5
	13
	11
	14
	14
	2.293954

	Seq. 19
	0
	8
	1
	5
	10
	10
	0
	13
	11
	11
	9
	4
	2.289149

	Seq. 20
	0
	15
	14
	2
	6
	14
	2
	9
	5
	12
	5
	1
	2.382403

	Seq. 21
	0
	6
	5
	8
	12
	9
	5
	8
	3
	3
	11
	2
	2.339102

	Seq. 22
	0
	13
	14
	3
	1
	0
	10
	0
	10
	8
	13
	3
	2.293457

	Seq. 23
	0
	14
	9
	14
	14
	9
	14
	4
	1
	5
	11
	9
	2.319511

	Seq. 24
	0
	4
	14
	15
	3
	14
	12
	8
	1
	4
	2
	8
	2.30718

	Seq. 25
	0
	14
	14
	14
	7
	13
	5
	15
	15
	6
	5
	12
	2.224924

	Seq. 26
	0
	0
	0
	10
	14
	15
	4
	12
	5
	6
	14
	9
	2.297

	Seq. 27
	0
	10
	2
	13
	14
	8
	8
	11
	0
	0
	13
	1
	2.387852

	Seq. 28
	0
	6
	7
	10
	1
	12
	8
	5
	0
	3
	0
	1
	2.371635

	Seq. 29
	0
	15
	12
	14
	7
	2
	14
	5
	9
	14
	13
	1
	2.326092

	Seq. 30
	0
	14
	0
	3
	8
	15
	13
	4
	13
	6
	7
	3
	2.325476






Base Sequence Set 3: Maximum Correlation: 7, Maximum PAPR: 2.3dB, Modulation: 64PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.


	Seq. Index
	Maximum Correlation: 7, Maximum PAPR: 2.3dB, Modulation: 64PSK
	PAPR (dB)

	Seq. 1
	0
	5
	12
	28
	20
	54
	29
	14
	18
	60
	9
	44
	2.210552

	Seq. 2
	0
	37
	5
	40
	38
	16
	19
	54
	62
	8
	14
	12
	2.21125

	Seq. 3
	0
	22
	25
	50
	41
	18
	10
	10
	3
	23
	61
	19
	2.158252

	Seq. 4
	0
	1
	11
	28
	28
	25
	6
	20
	53
	19
	9
	50
	2.197426

	Seq. 5
	0
	56
	43
	1
	54
	51
	10
	26
	20
	50
	5
	43
	2.246317

	Seq. 6
	0
	24
	30
	46
	27
	30
	40
	23
	63
	8
	45
	24
	2.293099

	Seq. 7
	0
	62
	57
	48
	61
	28
	54
	7
	62
	28
	19
	49
	2.178699

	Seq. 8
	0
	0
	12
	2
	56
	29
	30
	50
	11
	49
	20
	39
	2.196228

	Seq. 9
	0
	32
	5
	45
	15
	22
	54
	59
	28
	27
	25
	30
	2.235863

	Seq. 10
	0
	49
	22
	17
	11
	25
	8
	36
	61
	5
	23
	50
	2.267416

	Seq. 11
	0
	31
	24
	51
	59
	35
	63
	19
	16
	8
	13
	0
	2.262128

	Seq. 12
	0
	57
	54
	16
	13
	1
	27
	60
	49
	5
	34
	43
	2.173308

	Seq. 13
	0
	49
	33
	19
	34
	26
	61
	7
	12
	29
	4
	23
	2.276075

	Seq. 14
	0
	46
	56
	41
	50
	24
	2
	54
	17
	23
	38
	58
	2.206211

	Seq. 15
	0
	60
	0
	35
	41
	43
	63
	33
	60
	55
	33
	5
	2.284408

	Seq. 16
	0
	7
	54
	18
	46
	27
	21
	62
	7
	22
	26
	2
	2.266373

	Seq. 17
	0
	19
	19
	15
	27
	38
	9
	10
	53
	33
	57
	29
	2.244094

	Seq. 18
	0
	8
	19
	13
	44
	5
	17
	54
	39
	26
	36
	12
	2.191732

	Seq. 19
	0
	48
	42
	22
	40
	61
	15
	14
	29
	13
	36
	21
	2.265568

	Seq. 20
	0
	47
	26
	40
	12
	17
	43
	9
	2
	9
	20
	15
	2.22257

	Seq. 21
	0
	11
	47
	3
	28
	24
	35
	14
	61
	28
	19
	11
	2.285166

	Seq. 22
	0
	24
	51
	35
	7
	42
	48
	4
	60
	58
	38
	42
	2.20645

	Seq. 23
	0
	37
	61
	53
	17
	33
	44
	33
	35
	7
	51
	50
	2.298338

	Seq. 24
	0
	30
	22
	23
	20
	43
	26
	55
	9
	23
	57
	50
	2.294056

	Seq. 25
	0
	17
	6
	10
	22
	40
	45
	22
	20
	7
	41
	11
	2.289433

	Seq. 26
	0
	55
	25
	56
	24
	22
	7
	17
	32
	27
	60
	5
	2.288164

	Seq. 27
	0
	50
	28
	16
	42
	54
	1
	28
	49
	29
	39
	31
	2.236385

	Seq. 28
	0
	7
	28
	22
	59
	56
	3
	57
	48
	8
	34
	4
	2.247922

	Seq. 29
	0
	12
	25
	48
	30
	48
	28
	26
	18
	53
	32
	27
	2.261439

	Seq. 30
	0
	8
	51
	48
	57
	18
	59
	28
	25
	57
	37
	49
	2.297263





Base Sequence Set 4: Maximum Correlation: 7.5, Maximum PAPR: 2.2dB, Modulation: 12PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 7.5, Maximum PAPR: 2.2dB, Modulation: 12PSK
	PAPR (dB)

	Seq. 1
	0
	5
	10
	3
	7
	4
	2
	3
	11
	9
	2
	1
	2.162217

	Seq. 2
	0
	11
	8
	0
	9
	7
	11
	1
	0
	5
	8
	3
	2.178206

	Seq. 3
	0
	4
	9
	2
	1
	5
	4
	8
	6
	4
	2
	1
	2.121587

	Seq. 4
	0
	1
	10
	9
	11
	11
	4
	2
	9
	4
	7
	1
	2.186169

	Seq. 5
	0
	1
	0
	11
	1
	6
	6
	0
	0
	7
	2
	8
	1.974786

	Seq. 6
	0
	6
	1
	9
	3
	4
	10
	11
	6
	6
	5
	7
	2.163309

	Seq. 7
	0
	3
	11
	2
	7
	9
	9
	11
	8
	4
	0
	10
	2.073933

	Seq. 8
	0
	8
	4
	10
	7
	11
	1
	0
	5
	7
	3
	4
	2.10075

	Seq. 9
	0
	1
	5
	6
	5
	5
	2
	5
	11
	5
	2
	9
	2.193797

	Seq. 10
	0
	9
	6
	7
	2
	10
	3
	5
	8
	5
	6
	8
	1.926807

	Seq. 11
	0
	11
	0
	11
	9
	1
	5
	5
	10
	0
	7
	2
	1.956741

	Seq. 12
	0
	0
	0
	7
	8
	9
	1
	7
	0
	0
	8
	2
	2.191484

	Seq. 13
	0
	0
	9
	10
	0
	5
	4
	11
	7
	11
	4
	11
	2.188833

	Seq. 14
	0
	1
	5
	2
	7
	6
	0
	6
	8
	6
	3
	4
	2.189592

	Seq. 15
	0
	7
	4
	9
	2
	3
	10
	8
	9
	11
	10
	10
	2.148093

	Seq. 16
	0
	8
	10
	5
	10
	6
	4
	11
	1
	3
	5
	5
	2.073836

	Seq. 17
	0
	0
	10
	4
	4
	2
	4
	9
	1
	0
	5
	11
	2.009113

	Seq. 18
	0
	7
	11
	2
	11
	10
	10
	4
	3
	6
	5
	11
	2.178801

	Seq. 19
	0
	10
	11
	1
	9
	3
	8
	7
	1
	3
	9
	8
	2.178866

	Seq. 20
	0
	8
	3
	5
	10
	10
	1
	5
	2
	2
	4
	1
	2.094751

	Seq. 21
	0
	4
	0
	10
	1
	10
	8
	1
	2
	0
	5
	7
	2.180452

	Seq. 22
	0
	7
	4
	2
	11
	1
	6
	9
	9
	0
	9
	0
	2.172682

	Seq. 23
	0
	1
	9
	11
	3
	2
	4
	8
	4
	11
	7
	2
	2.089019

	Seq. 24
	0
	10
	10
	7
	3
	8
	6
	9
	11
	5
	10
	0
	2.117108

	Seq. 25
	0
	6
	3
	9
	9
	11
	11
	9
	9
	3
	6
	0
	2.136999

	Seq. 26
	0
	10
	8
	7
	0
	11
	7
	10
	0
	5
	1
	5
	2.084883

	Seq. 27
	0
	7
	2
	6
	6
	1
	9
	11
	2
	1
	10
	11
	2.025179

	Seq. 28
	0
	10
	4
	2
	8
	9
	8
	8
	8
	2
	7
	11
	2.135324

	Seq. 29
	0
	0
	8
	7
	8
	11
	4
	10
	2
	0
	6
	2
	2.113512

	Seq. 30
	0
	10
	6
	6
	11
	2
	7
	2
	7
	5
	7
	7
	2.04466








Base Sequence Set 5: Maximum Correlation: 7.5, Maximum PAPR: 2.1dB, Modulation: 16PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 7.5, Maximum PAPR: 2.1dB, Modulation: 16PSK
	 

	Seq. 1
	0
	7
	0
	8
	12
	10
	10
	13
	7
	6
	14
	14
	1.954082

	Seq. 2
	0
	6
	8
	14
	10
	7
	3
	5
	1
	7
	3
	7
	2.058759

	Seq. 3
	0
	10
	6
	3
	15
	3
	13
	1
	12
	15
	1
	5
	1.694149

	Seq. 4
	0
	15
	11
	9
	15
	14
	8
	11
	13
	4
	14
	3
	2.060985

	Seq. 5
	0
	8
	3
	7
	11
	12
	4
	13
	13
	13
	11
	9
	2.055968

	Seq. 6
	0
	12
	5
	13
	10
	6
	7
	0
	4
	8
	7
	9
	1.973661

	Seq. 7
	0
	6
	9
	1
	9
	6
	11
	11
	12
	8
	5
	5
	1.973661

	Seq. 8
	0
	6
	9
	13
	10
	0
	11
	1
	14
	12
	10
	5
	2.048579

	Seq. 9
	0
	14
	11
	2
	2
	15
	1
	6
	12
	9
	15
	7
	1.995435

	Seq. 10
	0
	7
	10
	15
	6
	5
	2
	12
	14
	12
	1
	14
	2.095594

	Seq. 11
	0
	11
	13
	10
	8
	14
	9
	11
	0
	0
	4
	10
	2.05233

	Seq. 12
	0
	4
	0
	3
	2
	9
	13
	15
	9
	5
	3
	13
	2.095594

	Seq. 13
	0
	2
	2
	11
	13
	12
	5
	14
	15
	7
	0
	4
	2.076091

	Seq. 14
	0
	15
	6
	6
	9
	9
	5
	5
	12
	3
	10
	5
	2.044272

	Seq. 15
	0
	15
	0
	1
	15
	12
	5
	7
	13
	2
	13
	6
	1.977319

	Seq. 16
	0
	1
	9
	15
	14
	6
	13
	10
	12
	3
	0
	1
	2.0513

	Seq. 17
	0
	6
	9
	13
	15
	11
	2
	14
	1
	14
	13
	8
	2.028299

	Seq. 18
	0
	14
	13
	15
	11
	9
	1
	1
	7
	12
	6
	14
	2.007832

	Seq. 19
	0
	7
	0
	13
	2
	9
	12
	11
	11
	2
	0
	14
	2.099111

	Seq. 20
	0
	13
	10
	4
	7
	4
	4
	9
	0
	4
	3
	8
	1.975212

	Seq. 21
	0
	3
	0
	7
	4
	7
	2
	14
	14
	4
	11
	13
	2.045295

	Seq. 22
	0
	3
	2
	1
	8
	1
	10
	14
	6
	5
	14
	15
	2.025496

	Seq. 23
	0
	1
	2
	10
	14
	8
	14
	4
	0
	12
	4
	2
	1.826051

	Seq. 24
	0
	4
	14
	2
	12
	14
	0
	5
	4
	13
	9
	5
	1.779982

	Seq. 25
	0
	14
	2
	2
	13
	8
	14
	4
	3
	13
	0
	8
	2.095499

	Seq. 26
	0
	9
	6
	9
	1
	14
	1
	3
	14
	2
	4
	13
	2.0513

	Seq. 27
	0
	5
	4
	11
	8
	3
	1
	0
	13
	1
	9
	15
	2.092219

	Seq. 28
	0
	1
	10
	10
	6
	10
	11
	8
	14
	8
	0
	10
	2.089094

	Seq. 29
	0
	9
	0
	14
	5
	12
	15
	15
	0
	8
	7
	5
	1.926096

	Seq. 30
	0
	7
	9
	15
	9
	1
	2
	2
	8
	5
	4
	3
	2.046999






Base Sequence Set 6: Maximum Correlation: 7.5, Maximum PAPR:2dB, Modulation: 64PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 7.5, Maximum PAPR:2dB, Modulation: 64PSK
	PAPR (dB)

	Seq. 1
	0
	23
	8
	54
	7
	58
	43
	50
	11
	61
	6
	28
	1.988086

	Seq. 2
	0
	33
	9
	47
	53
	22
	28
	61
	0
	62
	0
	7
	1.995192

	Seq. 3
	0
	36
	3
	49
	5
	4
	8
	23
	58
	62
	39
	39
	1.901402

	Seq. 4
	0
	39
	24
	17
	51
	27
	46
	32
	39
	45
	9
	23
	1.953781

	Seq. 5
	0
	23
	7
	29
	16
	26
	46
	8
	11
	54
	45
	37
	1.900172

	Seq. 6
	0
	47
	9
	61
	14
	13
	2
	47
	51
	17
	31
	52
	1.956625

	Seq. 7
	0
	63
	51
	60
	5
	31
	26
	4
	47
	10
	35
	10
	1.877109

	Seq. 8
	0
	0
	57
	47
	46
	7
	3
	29
	27
	58
	26
	50
	1.875302

	Seq. 9
	0
	15
	35
	23
	48
	2
	40
	27
	7
	20
	15
	5
	1.972993

	Seq. 10
	0
	13
	19
	20
	40
	22
	58
	24
	26
	3
	7
	48
	1.963452

	Seq. 11
	0
	1
	63
	27
	19
	20
	0
	31
	3
	6
	31
	56
	1.999814

	Seq. 12
	0
	9
	6
	8
	29
	43
	9
	8
	54
	36
	63
	36
	1.943641

	Seq. 13
	0
	57
	43
	31
	50
	42
	0
	56
	12
	39
	0
	17
	1.921243

	Seq. 14
	0
	27
	3
	2
	24
	2
	1
	63
	30
	32
	32
	58
	1.994346

	Seq. 15
	0
	37
	23
	54
	18
	31
	9
	8
	2
	13
	28
	28
	1.838905

	Seq. 16
	0
	25
	8
	29
	34
	62
	13
	25
	13
	8
	0
	43
	1.772751

	Seq. 17
	0
	13
	14
	55
	8
	5
	46
	24
	32
	5
	46
	61
	1.996281

	Seq. 18
	0
	23
	63
	35
	7
	9
	27
	29
	18
	15
	56
	62
	1.988792

	Seq. 19
	0
	61
	55
	29
	36
	37
	52
	22
	49
	48
	16
	53
	1.889825

	Seq. 20
	0
	14
	57
	9
	45
	46
	59
	13
	9
	54
	29
	13
	1.866383

	Seq. 21
	0
	61
	45
	1
	46
	56
	35
	11
	63
	13
	27
	42
	1.958201

	Seq. 22
	0
	28
	54
	40
	55
	13
	21
	9
	6
	29
	21
	5
	1.971092

	Seq. 23
	0
	45
	26
	10
	29
	39
	48
	27
	38
	25
	41
	8
	1.993544

	Seq. 24
	0
	10
	36
	49
	42
	44
	6
	51
	58
	42
	16
	53
	1.99575

	Seq. 25
	0
	19
	36
	40
	5
	55
	42
	15
	25
	9
	22
	6
	1.985629

	Seq. 26
	0
	57
	58
	50
	9
	12
	18
	56
	34
	60
	5
	36
	1.940521

	Seq. 27
	0
	19
	40
	58
	42
	36
	26
	52
	40
	56
	42
	12
	1.976123

	Seq. 28
	0
	19
	41
	9
	0
	29
	40
	22
	0
	63
	8
	63
	1.949959

	Seq. 29
	0
	17
	32
	4
	33
	18
	45
	43
	36
	22
	14
	25
	1.943605

	Seq. 30
	0
	49
	6
	47
	50
	46
	59
	20
	2
	61
	26
	33
	1.97321






Base Sequence Set 7: Maximum Correlation: 8, Maximum PAPR: 2.1dB, Modulation: 12PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 8, Maximum PAPR: 2.1dB, Modulation: 12PSK
	PAPR (dB)

	Seq. 1
	0
	5
	3
	8
	5
	8
	0
	5
	7
	5
	3
	2
	2.084149

	Seq. 2
	0
	10
	9
	8
	1
	11
	4
	1
	6
	9
	1
	6
	2.041861

	Seq. 3
	0
	0
	0
	11
	3
	8
	2
	7
	5
	0
	11
	5
	1.973447

	Seq. 4
	0
	1
	1
	4
	2
	8
	3
	0
	1
	8
	10
	4
	2.043545

	Seq. 5
	0
	9
	7
	2
	9
	1
	10
	11
	11
	2
	6
	8
	2.050956

	Seq. 6
	0
	10
	7
	10
	6
	3
	9
	1
	4
	2
	5
	7
	1.944292

	Seq. 7
	0
	6
	11
	6
	1
	0
	5
	6
	9
	9
	7
	7
	2.07782

	Seq. 8
	0
	3
	1
	3
	4
	6
	0
	3
	0
	9
	7
	2
	2.093122

	Seq. 9
	0
	4
	2
	6
	6
	0
	4
	7
	3
	2
	1
	10
	1.96625

	Seq. 10
	0
	11
	6
	2
	1
	11
	1
	8
	1
	6
	6
	9
	1.912293

	Seq. 11
	0
	1
	0
	11
	5
	5
	11
	0
	5
	0
	7
	0
	2.044858

	Seq. 12
	0
	4
	7
	9
	1
	9
	1
	10
	2
	0
	10
	7
	2.041905

	Seq. 13
	0
	2
	6
	8
	9
	4
	11
	2
	10
	3
	1
	11
	1.956741

	Seq. 14
	0
	0
	11
	6
	7
	7
	10
	4
	9
	9
	3
	10
	1.778378

	Seq. 15
	0
	8
	4
	0
	4
	11
	1
	9
	10
	10
	0
	3
	2.00934

	Seq. 16
	0
	4
	10
	4
	8
	8
	1
	0
	5
	3
	1
	1
	2.044853

	Seq. 17
	0
	0
	8
	1
	2
	10
	4
	8
	6
	0
	3
	3
	2.080691

	Seq. 18
	0
	3
	6
	3
	6
	10
	7
	3
	7
	5
	2
	3
	2.021614

	Seq. 19
	0
	5
	7
	11
	7
	2
	3
	2
	7
	4
	5
	4
	1.952536

	Seq. 20
	0
	0
	4
	7
	11
	7
	6
	3
	9
	6
	9
	6
	2.08173

	Seq. 21
	0
	3
	6
	9
	3
	2
	11
	6
	9
	7
	9
	7
	2.071577

	Seq. 22
	0
	8
	4
	5
	0
	7
	0
	1
	4
	0
	2
	3
	2.057688

	Seq. 23
	0
	10
	3
	0
	4
	5
	10
	3
	5
	2
	11
	0
	2.092846

	Seq. 24
	0
	0
	4
	3
	9
	5
	3
	4
	0
	3
	9
	1
	2.083572

	Seq. 25
	0
	6
	1
	3
	3
	8
	3
	4
	6
	4
	0
	0
	2.087368

	Seq. 26
	0
	3
	11
	2
	6
	7
	6
	4
	3
	9
	6
	2
	2.050151

	Seq. 27
	0
	1
	2
	10
	9
	3
	1
	11
	3
	8
	3
	8
	1.956741

	Seq. 28
	0
	3
	2
	2
	9
	7
	6
	1
	5
	5
	10
	4
	2.068634

	Seq. 29
	0
	4
	5
	7
	2
	9
	6
	6
	1
	5
	2
	2
	2.028499

	Seq. 30
	0
	6
	0
	1
	8
	3
	1
	1
	1
	7
	8
	9
	1.835962






Base Sequence Set 8: Maximum Correlation: 8, Maximum PAPR: 2dB, Modulation:16PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 8, Maximum PAPR: 2dB, Modulation:16PSK
	PAPR (dB)

	Seq. 1
	0
	6
	14
	6
	11
	12
	3
	2
	9
	6
	4
	4
	1.905726

	Seq. 2
	0
	0
	14
	13
	4
	4
	11
	11
	2
	11
	3
	9
	1.795507

	Seq. 3
	0
	11
	2
	10
	3
	6
	6
	4
	10
	11
	3
	4
	1.933286

	Seq. 4
	0
	3
	0
	14
	4
	0
	13
	5
	8
	5
	12
	0
	1.980335

	Seq. 5
	0
	7
	14
	5
	14
	10
	8
	13
	15
	1
	14
	12
	1.786626

	Seq. 6
	0
	0
	15
	5
	3
	1
	12
	2
	10
	10
	15
	6
	1.835233

	Seq. 7
	0
	7
	14
	7
	10
	8
	8
	10
	2
	1
	9
	8
	1.900674

	Seq. 8
	0
	7
	0
	2
	13
	6
	3
	4
	4
	12
	13
	0
	1.978362

	Seq. 9
	0
	13
	14
	14
	10
	7
	14
	15
	3
	8
	1
	8
	1.986369

	Seq. 10
	0
	8
	2
	10
	10
	0
	3
	12
	10
	8
	7
	9
	1.945467

	Seq. 11
	0
	13
	7
	7
	6
	10
	6
	13
	5
	10
	13
	4
	1.971574

	Seq. 12
	0
	2
	2
	1
	2
	10
	11
	3
	5
	14
	8
	0
	1.906967

	Seq. 13
	0
	9
	12
	5
	7
	3
	13
	5
	3
	7
	8
	9
	1.798086

	Seq. 14
	0
	10
	10
	11
	3
	4
	6
	11
	7
	8
	14
	8
	1.946317

	Seq. 15
	0
	15
	2
	10
	7
	11
	2
	10
	11
	3
	12
	11
	1.946317

	Seq. 16
	0
	14
	1
	3
	5
	14
	11
	5
	11
	5
	7
	0
	1.967688

	Seq. 17
	0
	6
	11
	8
	0
	15
	9
	3
	4
	5
	2
	3
	1.967264

	Seq. 18
	0
	6
	11
	14
	7
	1
	7
	4
	9
	9
	7
	4
	1.979155

	Seq. 19
	0
	15
	7
	7
	10
	11
	6
	7
	14
	7
	13
	8
	1.982507

	Seq. 20
	0
	7
	11
	15
	2
	15
	9
	5
	5
	2
	6
	2
	1.947931

	Seq. 21
	0
	4
	0
	4
	13
	14
	2
	8
	6
	3
	13
	9
	1.84683

	Seq. 22
	0
	3
	3
	6
	0
	10
	4
	3
	13
	1
	10
	11
	1.980164

	Seq. 23
	0
	11
	15
	10
	15
	14
	10
	5
	3
	8
	12
	15
	1.956272

	Seq. 24
	0
	9
	1
	13
	9
	14
	1
	12
	12
	11
	2
	4
	1.96357

	Seq. 25
	0
	11
	8
	0
	15
	13
	12
	13
	2
	8
	3
	8
	1.988216

	Seq. 26
	0
	11
	12
	8
	3
	10
	15
	3
	8
	6
	9
	10
	1.988216

	Seq. 27
	0
	12
	3
	13
	8
	11
	15
	8
	10
	0
	0
	15
	1.952189

	Seq. 28
	0
	4
	13
	0
	11
	10
	5
	15
	10
	15
	15
	2
	1.963394

	Seq. 29
	0
	13
	10
	14
	9
	6
	15
	4
	9
	7
	11
	15
	1.819578

	Seq. 30
	0
	1
	1
	2
	8
	11
	15
	9
	4
	13
	0
	10
	1.994803






Base Sequence Set 9: Maximum Correlation: 8, Maximum PAPR: 1.9dB, Modulation: 64PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 8, Maximum PAPR: 1.9dB, Modulation: 64PSK
	PAPR (dB)

	Seq. 1
	0
	58
	2
	7
	59
	52
	24
	29
	52
	13
	56
	24
	1.854084

	Seq. 2
	0
	10
	15
	60
	13
	20
	47
	24
	61
	4
	50
	32
	1.870418

	Seq. 3
	0
	47
	23
	3
	13
	61
	7
	53
	3
	21
	35
	44
	1.84534

	Seq. 4
	0
	5
	28
	40
	59
	32
	9
	3
	31
	15
	23
	9
	1.876467

	Seq. 5
	0
	53
	43
	43
	20
	38
	63
	32
	25
	47
	44
	1
	1.854156

	Seq. 6
	0
	47
	52
	31
	43
	11
	54
	38
	0
	1
	15
	27
	1.781249

	Seq. 7
	0
	46
	29
	40
	14
	62
	25
	39
	57
	42
	50
	59
	1.887768

	Seq. 8
	0
	18
	30
	43
	59
	39
	58
	40
	55
	42
	30
	9
	1.880548

	Seq. 9
	0
	50
	24
	19
	14
	26
	7
	34
	63
	12
	23
	48
	1.88212

	Seq. 10
	0
	13
	33
	51
	36
	50
	36
	50
	34
	15
	60
	47
	1.899865

	Seq. 11
	0
	6
	45
	49
	33
	51
	59
	55
	19
	56
	37
	9
	1.805393

	Seq. 12
	0
	39
	22
	8
	53
	2
	47
	62
	39
	51
	60
	10
	1.85038

	Seq. 13
	0
	51
	34
	17
	19
	44
	59
	2
	47
	2
	49
	5
	1.838727

	Seq. 14
	0
	12
	47
	56
	32
	30
	37
	51
	42
	8
	52
	30
	1.824813

	Seq. 15
	0
	13
	27
	17
	40
	59
	27
	16
	59
	11
	61
	50
	1.877046

	Seq. 16
	0
	18
	9
	4
	27
	17
	8
	43
	57
	48
	16
	35
	1.867736

	Seq. 17
	0
	56
	60
	23
	12
	20
	47
	10
	8
	40
	4
	56
	1.879716

	Seq. 18
	0
	5
	21
	17
	14
	56
	2
	31
	55
	32
	12
	44
	1.80861

	Seq. 19
	0
	24
	45
	33
	48
	7
	9
	62
	58
	20
	2
	52
	1.85848

	Seq. 20
	0
	63
	48
	31
	33
	32
	51
	36
	3
	34
	45
	3
	1.884999

	Seq. 21
	0
	41
	55
	11
	59
	8
	24
	18
	57
	9
	0
	43
	1.875944

	Seq. 22
	0
	33
	51
	36
	17
	14
	48
	9
	7
	7
	12
	26
	1.885152

	Seq. 23
	0
	48
	57
	38
	0
	57
	38
	9
	24
	33
	56
	62
	1.822546

	Seq. 24
	0
	60
	32
	20
	27
	28
	63
	26
	17
	31
	60
	23
	1.853778

	Seq. 25
	0
	35
	62
	61
	28
	0
	0
	60
	32
	35
	32
	50
	1.852224

	Seq. 26
	0
	54
	40
	26
	31
	57
	12
	21
	4
	27
	13
	35
	1.881318

	Seq. 27
	0
	58
	53
	13
	15
	50
	61
	9
	49
	22
	47
	27
	1.896614

	Seq. 28
	0
	21
	4
	35
	46
	61
	48
	39
	1
	10
	58
	51
	1.835156

	Seq. 29
	0
	13
	5
	22
	3
	39
	23
	7
	50
	57
	24
	37
	1.826297

	Seq. 30
	0
	21
	58
	24
	45
	32
	22
	53
	49
	25
	31
	37
	1.824567






Base Sequence Set 10: Maximum Correlation: 9, Maximum PAPR: 2dB, Modulation: 12PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 9, Maximum PAPR: 2dB, Modulation: 12PSK
	PAPR (dB)

	Seq. 1
	0
	10
	8
	8
	7
	0
	10
	3
	0
	4
	8
	1
	1.785038

	Seq. 2
	0
	4
	8
	10
	4
	3
	0
	8
	10
	8
	11
	9
	1.871216

	Seq. 3
	0
	10
	10
	8
	6
	9
	0
	11
	3
	4
	10
	4
	1.932588

	Seq. 4
	0
	10
	6
	2
	6
	3
	5
	2
	6
	9
	1
	3
	1.940969

	Seq. 5
	0
	9
	7
	5
	10
	7
	11
	8
	11
	1
	5
	9
	1.785068

	Seq. 6
	0
	8
	4
	7
	1
	2
	7
	0
	11
	11
	1
	1
	1.956733

	Seq. 7
	0
	11
	10
	4
	5
	5
	7
	1
	6
	5
	11
	5
	1.949954

	Seq. 8
	0
	8
	7
	6
	1
	10
	2
	1
	3
	5
	11
	3
	1.801623

	Seq. 9
	0
	8
	3
	6
	4
	0
	11
	1
	2
	10
	1
	4
	1.941186

	Seq. 10
	0
	9
	1
	10
	4
	1
	1
	10
	1
	4
	8
	9
	1.988273

	Seq. 11
	0
	7
	0
	5
	10
	10
	4
	3
	10
	10
	11
	10
	1.949574

	Seq. 12
	0
	11
	3
	3
	6
	3
	2
	1
	9
	2
	6
	11
	1.980545

	Seq. 13
	0
	11
	10
	8
	9
	0
	0
	5
	4
	10
	4
	9
	1.825686

	Seq. 14
	0
	1
	11
	1
	3
	9
	9
	4
	2
	6
	0
	8
	1.855416

	Seq. 15
	0
	8
	2
	10
	7
	10
	1
	8
	10
	3
	3
	3
	1.956719

	Seq. 16
	0
	7
	2
	10
	2
	2
	3
	6
	1
	2
	10
	10
	1.963591

	Seq. 17
	0
	1
	10
	10
	1
	3
	0
	7
	7
	0
	7
	2
	1.983893

	Seq. 18
	0
	1
	8
	9
	6
	9
	10
	10
	3
	11
	7
	1
	1.96625

	Seq. 19
	0
	8
	4
	5
	11
	6
	11
	0
	2
	10
	11
	0
	1.949853

	Seq. 20
	0
	5
	5
	6
	10
	1
	8
	8
	6
	5
	9
	5
	1.97988

	Seq. 21
	0
	8
	9
	5
	4
	10
	5
	2
	5
	5
	6
	9
	1.866279

	Seq. 22
	0
	7
	5
	2
	11
	2
	7
	10
	11
	1
	11
	2
	1.956409

	Seq. 23
	0
	3
	6
	11
	0
	8
	6
	5
	8
	5
	10
	7
	1.800762

	Seq. 24
	0
	2
	4
	0
	4
	2
	7
	1
	11
	10
	6
	5
	1.98557

	Seq. 25
	0
	10
	8
	5
	5
	10
	2
	4
	2
	6
	3
	7
	1.996247

	Seq. 26
	0
	8
	7
	3
	0
	1
	3
	0
	3
	2
	7
	0
	1.985563

	Seq. 27
	0
	9
	6
	5
	9
	6
	1
	3
	4
	8
	3
	6
	1.983834

	Seq. 28
	0
	10
	10
	5
	1
	6
	4
	3
	7
	0
	3
	5
	1.996503

	Seq. 29
	0
	11
	10
	7
	11
	10
	11
	5
	0
	4
	5
	10
	1.983844

	Seq. 30
	0
	3
	4
	9
	6
	9
	10
	5
	11
	9
	9
	6
	1.952528






Base Sequence Set 11: Maximum Correlation: 9, Maximum PAPR: 1.9dB, Modulation: 16PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 9, Maximum PAPR: 1.9dB, Modulation: 16PSK
	PAPR (dB)

	Seq. 1
	0
	5
	9
	15
	0
	11
	8
	7
	12
	8
	14
	10
	1.759104

	Seq. 2
	0
	6
	8
	12
	0
	11
	4
	15
	14
	11
	13
	9
	1.72969

	Seq. 3
	0
	13
	1
	14
	2
	13
	9
	7
	15
	2
	8
	13
	1.861607

	Seq. 4
	0
	5
	10
	12
	4
	2
	14
	8
	12
	9
	12
	9
	1.798086

	Seq. 5
	0
	11
	4
	14
	0
	11
	13
	8
	10
	14
	1
	2
	1.795507

	Seq. 6
	0
	3
	3
	8
	13
	7
	9
	6
	4
	14
	7
	4
	1.886545

	Seq. 7
	0
	13
	10
	14
	10
	7
	15
	4
	10
	8
	11
	0
	1.881673

	Seq. 8
	0
	2
	6
	10
	14
	9
	12
	8
	10
	5
	15
	11
	1.861371

	Seq. 9
	0
	4
	12
	3
	6
	10
	9
	0
	12
	8
	9
	7
	1.886545

	Seq. 10
	0
	12
	2
	14
	3
	2
	15
	10
	11
	2
	6
	10
	1.798086

	Seq. 11
	0
	4
	10
	15
	12
	0
	13
	1
	14
	9
	5
	3
	1.795507

	Seq. 12
	0
	13
	7
	0
	13
	14
	9
	12
	7
	12
	0
	2
	1.881044

	Seq. 13
	0
	9
	11
	4
	7
	2
	12
	4
	2
	5
	6
	6
	1.871266

	Seq. 14
	0
	5
	9
	7
	13
	1
	10
	6
	2
	6
	3
	1
	1.856048

	Seq. 15
	0
	0
	12
	9
	10
	10
	15
	12
	4
	12
	15
	5
	1.886545

	Seq. 16
	0
	9
	2
	4
	11
	10
	15
	4
	1
	0
	1
	14
	1.87804

	Seq. 17
	0
	9
	9
	3
	15
	8
	14
	7
	8
	9
	9
	12
	1.845933

	Seq. 18
	0
	15
	8
	2
	4
	11
	3
	7
	5
	14
	1
	1
	1.842991

	Seq. 19
	0
	4
	9
	7
	13
	3
	12
	10
	6
	10
	9
	6
	1.835233

	Seq. 20
	0
	4
	15
	10
	13
	8
	3
	3
	9
	4
	5
	9
	1.854876

	Seq. 21
	0
	7
	1
	5
	10
	11
	3
	0
	11
	12
	12
	10
	1.823023

	Seq. 22
	0
	13
	13
	12
	7
	11
	2
	11
	12
	2
	0
	6
	1.846496

	Seq. 23
	0
	13
	5
	15
	12
	1
	6
	0
	3
	11
	11
	11
	1.897252

	Seq. 24
	0
	1
	15
	7
	10
	7
	15
	7
	7
	15
	7
	8
	1.854876

	Seq. 25
	0
	10
	8
	4
	14
	0
	2
	14
	2
	1
	7
	13
	1.87804

	Seq. 26
	0
	7
	10
	2
	1
	14
	13
	15
	14
	5
	1
	8
	1.857492

	Seq. 27
	0
	6
	14
	7
	1
	4
	4
	15
	12
	10
	14
	15
	1.877405

	Seq. 28
	0
	12
	4
	14
	10
	14
	2
	12
	14
	5
	5
	5
	1.87804

	Seq. 29
	0
	10
	4
	5
	1
	5
	3
	1
	7
	11
	13
	3
	1.87804

	Seq. 30
	0
	13
	10
	4
	15
	0
	3
	13
	3
	10
	10
	13
	1.883252






Base Sequence Set 12: Maximum Correlation: 9, Maximum PAPR: 1.8dB, Modulation: 64PSK
The sequences are generated as exp(j*pi*2*a/M) where M is order for M-PSK and a is an integer number listed below.

	Seq. Index
	Maximum Correlation: 9, Maximum PAPR: 1.8dB, Modulation: 64PSK
	PAPR (dB)

	Seq. 1
	0
	41
	20
	22
	54
	27
	50
	53
	2
	42
	44
	49
	1.795861

	Seq. 2
	0
	24
	56
	20
	18
	42
	39
	0
	58
	47
	40
	39
	1.794312

	Seq. 3
	0
	26
	60
	28
	28
	56
	53
	16
	16
	9
	3
	5
	1.770313

	Seq. 4
	0
	44
	23
	56
	47
	46
	28
	38
	16
	34
	50
	58
	1.73999

	Seq. 5
	0
	34
	61
	5
	47
	16
	2
	5
	2
	36
	39
	47
	1.75767

	Seq. 6
	0
	8
	15
	11
	29
	7
	41
	5
	6
	44
	44
	18
	1.774138

	Seq. 7
	0
	7
	9
	25
	16
	48
	24
	10
	14
	53
	1
	35
	1.799606

	Seq. 8
	0
	53
	20
	13
	36
	40
	34
	21
	31
	2
	22
	47
	1.796672

	Seq. 9
	0
	2
	11
	23
	31
	7
	12
	54
	57
	31
	1
	42
	1.79326

	Seq. 10
	0
	9
	7
	13
	49
	58
	25
	31
	9
	53
	29
	62
	1.71644

	Seq. 11
	0
	34
	27
	60
	59
	17
	46
	19
	33
	24
	28
	27
	1.785465

	Seq. 12
	0
	33
	32
	62
	9
	56
	24
	45
	32
	35
	38
	37
	1.78218

	Seq. 13
	0
	6
	23
	21
	18
	61
	7
	37
	62
	41
	22
	54
	1.749538

	Seq. 14
	0
	5
	9
	42
	38
	43
	27
	62
	39
	46
	10
	42
	1.777432

	Seq. 15
	0
	46
	39
	29
	22
	44
	25
	48
	37
	55
	5
	28
	1.787423

	Seq. 16
	0
	39
	1
	28
	10
	50
	47
	10
	20
	29
	18
	19
	1.767842

	Seq. 17
	0
	32
	28
	60
	44
	8
	26
	62
	59
	59
	51
	63
	1.748601

	Seq. 18
	0
	43
	27
	61
	56
	10
	20
	20
	2
	13
	51
	3
	1.799606

	Seq. 19
	0
	10
	24
	13
	34
	51
	18
	4
	46
	60
	45
	34
	1.735388

	Seq. 20
	0
	61
	10
	16
	23
	52
	26
	10
	30
	4
	6
	47
	1.755197

	Seq. 21
	0
	47
	28
	44
	16
	22
	50
	14
	10
	15
	29
	25
	1.751747

	Seq. 22
	0
	17
	12
	33
	7
	17
	41
	8
	57
	48
	32
	26
	1.782482

	Seq. 23
	0
	4
	19
	13
	6
	48
	54
	16
	41
	17
	59
	21
	1.795307

	Seq. 24
	0
	47
	16
	55
	32
	35
	30
	34
	54
	3
	34
	42
	1.759506

	Seq. 25
	0
	48
	20
	52
	19
	11
	13
	42
	55
	8
	60
	60
	1.78869

	Seq. 26
	0
	57
	61
	5
	13
	60
	34
	44
	7
	30
	18
	57
	1.736952

	Seq. 27
	0
	2
	56
	3
	16
	43
	42
	21
	1
	31
	57
	36
	1.795052

	Seq. 28
	0
	4
	23
	34
	36
	6
	41
	53
	31
	53
	40
	29
	1.745514

	Seq. 29
	0
	39
	1
	56
	44
	48
	24
	55
	61
	4
	14
	35
	1.783424

	Seq. 30
	0
	20
	23
	34
	54
	42
	30
	41
	21
	21
	57
	27
	1.748896
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Set 7:  = 8, max. PAPR:2.1 dB, 12PSK


