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[bookmark: _Ref490170658]Introduction
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. In RAN1 NR Ad-Hoc#3 Meeting [2], the following agreements on PUCCH with 1 or 2 bit(s) UCI payload size were established:
Agreements:
RAN1 NR Ad-Hoc #3:
· 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 RAN1 NR AH#3 meeting, we proposed 12 different CGS sets [6] which show the trade-off between the alphabet for the sequence, maximum correlation, and maximum PAPR. In this contribution, we re-evaluated our sequence design and updated them by taking the agreed measurement methods into account and compared them with several computer-generated sequences (CGSs) designs which have been proposed for Short/Long PUCCH by other companies in the previous meetings. The contributions which included new CGS sets are tabulated in Table 1. More specifically, we compare the latest CGS sets available online (which are marked with a shaded color, i.e., CATT [13], Huawei [10], Qualcomm [15][footnoteRef:2]) and our new CGS designs. To validate our simulations, we also have replicated the results provided from other companies in our studies. [2:  We couldn’t evaluate the proposal in [14] since no explicit 30 base sequences are mentioned.
] 

 
[bookmark: _Ref494291234][bookmark: _Ref494291228]Table 1. New CGS proposals
	Meeting\Company
	CATT
	Huawei
	InterDigital
	ITTH
	Qualcomm

	RAN1 NR 90b
	
	
	R1-1718490
Evaluation of CGS candidates for PUCCH
	
	

	RAN1 NR AH#3
	Way forward: R1-1716818 WF on Evaluation of PUCCH Sequences [4]
	R1-1716419, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload [15]

	
	R1-1715817,
On short PUCCH formats supporting up to two UCI bits [13]
	R1-1715399, Short PUCCH for UCI of up to 2 bits [10]
	R1-1716478, Sequence design for 1-symbol short-PUCCH of up to 2 bits [6]
	R1-1716518, Design of short PUCCH for UCI up to 2 bits [14]
	

	RAN1 NR #90
	
	R1-1712192
Long PUCCH for up to 2 bits UCI [9]
	R1-1714153
On sequence design for 1-symbol short-PUCCH of up to 2 bits [8]
	
	R1-1713429, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload[16]

	RAN1 NR AH#2
	
	R1-1709958
Short PUCCH for up to 2 UCI bits [11]
	R1-1710950
Evaluations of 1-symbol short-PUCCH with 1 or 2 bit(s) [7]
	
	R1-1711188, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload[17]

	RAN1 NR #89
	
	R1-1706950
Structure of 1-symbol PUCCH for up to 2 bits [12]
	
	
	


Sequence Design Parameters for PUCCH
Constant-Amplitude (Unimodular) Sequences
It has been agreed that sequence-based design will be adopted for Short PUCCH for 1-2 bits. For this design, constant amplitude (i.e., unimodular) sequences which lead 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 [5]. In other words, let  be a unimodular sequence, i.e., , for, , be mapped to RBs. Then
                                (1)
where

for  is the circular shift in time. For example, by choosing maximally separated shifts for ACK and NACK sequences, i.e.,  for ACK and  for NACK, and by considering the orthogonality between the sequences, it is possible to address the interference between ACK and NACK symbols in a multipath channel to increase the detection performance.
Observation 1: Integer circular time shifts of a signal generated through a unimodular sequence of length of L by an L-IDFT operation are orthogonal to each other. 
For example, Zadoff-Chu sequences are prime-length unimodular sequences. In our previous contributions [6][8], 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 may not be desirable for dense network scenarios. Besides, the alphabet for the ZC sequences is not uniform in the complex domain which may increase the transmitter and receiver complexity.
Based on Observation 1, in this contribution, we focus on only the proposals that introduce constant-amplitude CGSs (in frequency) for PUCCH.
Discussions on Cross-correlation, PAPR, and Alphabet for Base Sequence Design
Cross-correlation
If the base sequences are unimodular, i.e., the amplitudes of the elements of each sequence are identical, the base sequence would be orthogonal to its integer modulated versions in frequency (i.e., ) 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 . In other words, the base sequences are not orthogonal to each other for all integer modulated versions of the base sequences and causes non-zero cross correlation values. 
To minimize the interference across different cells, the cross-correlation between two different base sequences should be as low as possible. Due to the imperfect timing alignment between the UE signals and the multipath channel, the signal may be exposed to additional shift in time within the cyclic prefix. In this case, the cross-correlation calculation should consider all cyclic shifts in time, which corresponds to a more stringent constraint, i.e., minimization of the cross-correlation considering for both integer and non-integer  values. 
In [18], different metrics for cross-correlation measurements are introduced. While Method 5 in [18] considers only integer  for the correlation calculation, Method 1 and Method 2 in [18] are able to capture the timing misalignment when NFFT is larger than the sequence length. Method 4 considers a raised cosine function with a roll-off factor of 0.3, which may model the impact of DAC & filters on the baseband signals. On the other hand, one can show that the best achievable signal characteristics (e.g., PAPR, correlation) is limited by DFT-based oversampling. We believe that the design of DAC & filters are implementation issues and it should sufficiently suppress the images in the frequency domain to avoid distortion of the signal. Hence, based on the agreement in the last meeting, we consider Method 1 (NFFT = 12*32) and Method 5 (i.e., ) for our evaluations of cross-correlation per latest evaluation assumption agreements.
PAPR
Another design criterion for the base sequences is the PAPR of the signal generated through the inverse DFT of the base sequences (or inverse Fourier transform of the base 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., . Based on the agreements (i.e., at least  oversampling), we consider N=2048, which affectively yields  oversampling on the sequence for all sequence options.
Alphabet
Another design criterion is the alphabet of the sequences. To achieve unimodular base sequences with low-complexity transmitter and receiver, without loss of generality, the alphabet of the base sequence can be the constellation of -PSK. Typically, using a low-order constellation for the alphabet would decrease the transmitter and receiver complexity. However, the alphabet of the sequence would be different from the original base sequence due to cyclically shifting the OFDM symbol in time. For example, assuming the alphabet of the base sequence is QPSK and the cyclic shift is set to 1 in equation (1), then the modulated sequence would be different from the original QPSK due to the phase rotations. As another example, we plot the alphabet of a length of 12 sequence generated with the alphabet of a QPSK constellation before and after 12 integer cyclic shifts in Figure 1. As is clearly seen in the figure, the transmitted sequence becomes 12-PSK after cyclic shifts even though the original alphabet of the sequence is QPSK. 
[image: ] 
[bookmark: _Ref494556001]Figure 1 Alphabets of a sequence with QPSK constellation before/after cyclic shifts
Observation 2: A CGS set with the alphabet of a QPSK constellation will be a CGS set with the alphabet of a 12-PSK constellation after the cyclic shifts.
One way of circumventing this issue (i.e., the change of the constellation after cyclic shifts) is for the alphabet of the base sequence to be -PSK if the length of the sequence is . For example, if the length of the base sequence is =12, 12-PSK can be used as the modulation for the sequence to avoid this issue. This is exemplified in Figure 2.
 [image: ]
[bookmark: _Ref494557024]Figure 2 Alphabets of a sequence with 12-PSK constellation before/after cyclic shifts
Observation 3: A CGS set with the alphabet of a 12-PSK constellation is still a CGS set with the alphabet of a 12-PSK constellation after the cyclic shifts.
In our previous contribution [6], we showed that there is a trade-off between correlation, alphabet size, and PAPR. We demonstrated that if the alphabet size is larger, one can obtain smaller maximum correlation and smaller maximum PAPR. Since a CGS set with the alphabet of QPSK constellation will be a CGS set with the alphabet of 12-PSK constellation after the cyclic shifts anyway, we believe that the alphabet for the NR base sequences should be 12-PSK to achieve better PAPR and cross-correlation results, without introducing additional complexity at the receiver.
Observation 4: A CGS set with the alphabet of a 12-PSK constellation provides a better framework to minimize PAPR and cross-correlation compared to 4-PSK since the alphabet is denser in the complex domain without increasing receiver complexity.
Proposed Computer-Generated Sequences
It is challenging to simultaneously achieve both low cross-correlation and low PAPR for the base sequences since the number of required base sequences, i.e. 30, is greater than the sequence length, i.e., 12. In this contribution, we propose 4 different sets of CGSs suitable for PUCCH based on 12-PSK. The CGS sets are tabulated in the appendix. 
In Table 2, the characteristics of the sets generated via the method described in the appendix are shown, yielding different maximum correlation and PAPR. As can be seen from the table, decreasing the maximum correlation between the base sequences (considering both integer and non-integer  values) causes a higher PAPR for a given modulation order. The main characteristics of our proposed CGS sets are as follows:
The proposed base sequences with 12 PSK modulation achieve either
· Maximum values: 0.6667 correlation, 2.4 dB PAPR
· Maximum values: 0.6875 correlation, 2.3 dB PAPR
· Maximum values: 0.7 correlation, 2.2 dB PAPR
· Maximum values: 0.75 correlation, 2.1 dB PAPR

[bookmark: _Ref492295482]Table 2: Trade-off between maximum PAPR and maximum correlation for CGS sets with 12-PSK alphabet for the best 30 sequences with length of 12
	
	Max. PAPR: 2.1 dB
	Max. PAPR: 2.2 dB
	Max. PAPR: 2.3 dB
	Max. PAPR: 2.4 dB

	Max. Corr.: 0.6667
(Method 1)
	
	
	
	Set 1
(Alphabet: 12-PSK)

	Max. Corr.: 0.6875
(Method 1)
	
	
	Set 2
(Alphabet: 12-PSK)
	

	Max. Corr.: 0.7
(Method 1)
	
	Set 3
(Alphabet: 12-PSK)
	
	

	Max. Corr.: 0.75
(Method 1)
	Set 4
(Alphabet: 12-PSK)
	
	
	



Numerical Results
In this section, we provide the PAPR/CM and cross-correlation results for the proposed CGS sets. 
Sample-power Analysis (Sample-Power distribution, Max/Min/Mean PAPR/CM)
In Figure 3, we provide the sample-power distribution of the signals in the time domain. The maximum value on the x-axis of each curve in this figure corresponds to the PAPR for the corresponding sequence since it indicates the peak sample power. In Table 3 and Table 4, we tabulate the corresponding PAPR and CM of each sequence in the sets from 3 different companies (CATT [13], Huawei [10], Qualcomm [15]), respectively. Based on the agreement, we also include the results for LTE CGSs (36.211, Table 5.5.1.2-1) for a length of 12. To compare the CGS sets, we consider maximum, minimum, mean PAPR/CM (the expectation is performed over logarithmic values). The cubic metrics is calculated via the formula [18] given by
 
Considering Figure 3, Table 3, and Table 4, we have the following assessments on PAPR and CM:
· LTE CGS sequences are worse in terms of PAPR as compared to the new CGS proposals for NR. The mean PAPR for LTE CGS is 3.21 dB while the max PAPR for the worst sequence in LTE CGS can be as large as 4.09 dB. 
· The max PAPR of all CGS sets proposed in this contribution are noticeably less than the max PAPR of the CGS proposals in [10] , [15] and [13]. For example, the proposed CGS set#4 provide approximately 2 dB gain as compared to LTE CGS, while outperforms the CGS proposals in [10] , [15] and [13] by about 0.9 dB, 0.45 dB and 0.3 dB, respectively. A similar trend can be observed for both min PAPR and average PAPR.
· The proposed CGS sets (i.e., Set #1-4) do not only achieve good performance in terms of peak sample power (i.e. PAPR), but also yield lower probability for a given sample power. 
· Since CM metric results are highly correlated with PAPR results, the proposed CGS sets in this contribution also show noticeably lower CM compared to the CGS proposals in [10], [15] and [13].

Observation 5: The proposed CGS designs (Set#1-Set#4) introduce approximately 1.7-2 dB gain as compared to LTE CGS and outperform the CGS proposals in [10] , [15] and [13] from PAPR/CM perspective.
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a) Set #1                               b) Set #2
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a) Set #3                               b) Set #4
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[bookmark: _Ref494560903][bookmark: _Ref494560899]Figure 3 Sample-power distribution (PAPR)
[bookmark: _Ref492393983][bookmark: _Ref492393980]Table 3. PAPR performance of the proposed CGS sets
	
	InterDigital 
(Set #1)
	InterDigital 
(Set #2)
	InterDigital 
(Set #3)
	InterDigital 
(Set #4)
	Huawei
[10]
	Qualcomm
[15]
	CATT
[13]
	LTE
36.211

	Max. PAPR
	2.3994
	2.2960
	2.1976
	2.0981
	2.9909
	2.5500
	2.4069
	4.0914

	Min. PAPR
	1.9123
	1.9123
	1.9123
	1.8712
	2.1494
	2.1494
	2.1494
	2.3349

	Ave. PAPR
	2.2879
	2.1897
	2.1398
	2.0212
	2.6299
	2.4566
	2.3453
	3.2070

	
	

	
	PAPR (dB)

	Seq. 1
	2.3932
	1.9123
	1.9123
	1.9123
	2.1494
	2.1494
	2.3349
	2.9226

	Seq. 2
	1.9123
	2.1922
	2.1922
	2.0922
	2.1494
	2.1494
	2.3349
	2.6400

	Seq. 3
	2.1922
	2.2720
	2.1660
	1.9130
	2.3486
	2.3349
	2.1494
	2.9292

	Seq. 4
	2.3729
	2.2019
	2.1712
	2.0184
	2.3486
	2.3349
	2.3349
	3.7707

	Seq. 5
	2.3963
	2.1660
	2.1669
	2.0335
	2.4069
	2.3349
	2.3349
	2.8368

	Seq. 6
	2.3946
	2.2363
	2.1842
	2.0416
	2.4069
	2.3349
	2.3349
	2.5194

	Seq. 7
	2.3512
	2.2680
	2.1088
	2.0842
	2.4069
	2.4072
	2.4069
	4.0914

	Seq. 8
	2.1660
	2.2730
	2.1529
	1.8712
	2.4069
	2.4072
	2.3349
	2.6639

	Seq. 9
	2.3182
	2.1669
	2.1805
	1.9268
	2.4753
	2.4072
	2.3349
	2.4072

	Seq. 10
	2.2363
	1.9130
	2.1897
	1.9855
	2.4753
	2.4072
	2.3349
	2.3349

	Seq. 11
	2.2988
	2.1842
	2.1356
	2.0435
	2.5435
	2.4753
	2.3349
	3.9125

	Seq. 12
	2.1669
	2.2242
	2.1250
	1.9567
	2.5435
	2.4753
	2.3486
	3.2781

	Seq. 13
	2.2220
	2.2220
	2.0445
	1.9525
	2.6023
	2.4753
	2.4069
	2.4069

	Seq. 14
	2.3661
	2.2149
	2.1762
	2.0091
	2.6023
	2.4753
	2.3349
	3.3628

	Seq. 15
	2.3501
	2.2891
	2.0546
	2.0335
	2.6207
	2.5194
	2.3486
	3.4677

	Seq. 16
	2.3196
	2.1570
	2.0335
	2.0757
	2.6207
	2.5194
	2.4069
	3.1202

	Seq. 17
	2.0819
	2.2623
	2.1789
	2.0461
	2.6284
	2.5194
	2.3486
	4.0151

	Seq. 18
	2.2889
	2.2499
	2.1634
	2.0381
	2.6284
	2.5194
	2.3486
	3.8906

	Seq. 19
	2.3777
	1.9567
	2.1616
	2.0185
	2.7036
	2.5196
	2.3486
	3.2851

	Seq. 20
	2.2832
	2.2889
	2.1616
	2.0498
	2.7036
	2.5196
	2.3486
	3.9526

	Seq. 21
	2.2143
	2.1118
	2.1976
	2.0844
	2.7594
	2.5196
	2.3349
	2.8779

	Seq. 22
	2.3876
	2.0354
	2.1167
	2.0810
	2.7594
	2.5196
	2.4069
	3.8231

	Seq. 23
	2.2557
	2.1977
	2.1580
	1.9235
	2.9174
	2.5435
	2.3349
	2.9804

	Seq. 24
	2.2820
	2.2832
	2.1968
	2.0907
	2.9174
	2.5435
	2.3349
	2.6400

	Seq. 25
	2.3994
	2.2817
	2.1462
	2.0908
	2.9209
	2.5435
	2.3486
	3.4525

	Seq. 26
	2.2891
	2.2664
	2.1769
	2.0685
	2.9209
	2.5435
	2.3486
	2.8767

	Seq. 27
	2.3885
	2.1092
	2.0201
	1.9965
	2.9631
	2.5500
	2.3349
	2.5500

	Seq. 28
	2.3774
	2.2960
	2.1468
	2.0981
	2.9846
	2.5500
	2.3486
	3.9036

	Seq. 29
	2.2917
	2.1935
	2.1860
	2.0461
	2.9909
	2.5500
	2.4069
	3.8979

	Seq. 30
	2.2638
	2.2650
	2.1881
	2.0545
	2.9909
	2.5500
	2.3486
	3.3989



[bookmark: _Ref494561199]Table 4. CM performance of the proposed CGSs sets  
	
	InterDigital 
(Set #1)
	InterDigital 
(Set #2)
	InterDigital 
(Set #3)
	InterDigital 
(Set #4)
	Huawei
[10]
	Qualcomm
[15]
	CATT
[13]
	LTE
36.211

	Max. CM
	0.4327
	0.3450
	0.4305
	0.2738
	1.1150
	0.7756
	0.4186
	1.0967

	Min. CM
	-0.0639
	-0.1759
	-0.1603
	-0.1906
	0.0089
	0.0089
	0.0089
	0.2307

	Ave. CM
	0.1343
	0.0965
	0.1436
	0.0173
	0.6169
	0.4030
	0.3082
	0.7105

	
	

	
	CM (dB)

	Seq. 1
	0.0762
	-0.0516
	-0.0516
	-0.0516
	0.0089
	0.0089
	0.2432
	1.0597

	Seq. 2
	-0.0516
	0.0146
	0.0146
	-0.0209
	0.0089
	0.0089
	0.2432
	0.4069

	Seq. 3
	0.0146
	-0.0485
	0.1497
	-0.1759
	0.4186
	0.2432
	0.0089
	0.5946

	Seq. 4
	0.0641
	-0.1326
	-0.1603
	-0.1483
	0.4186
	0.2432
	0.2432
	0.9164

	Seq. 5
	0.1498
	0.1497
	0.1554
	-0.1906
	0.3293
	0.2432
	0.2432
	0.4535

	Seq. 6
	0.0235
	0.0198
	0.0193
	-0.0067
	0.3293
	0.2432
	0.2432
	0.3293

	Seq. 7
	0.0231
	0.2023
	-0.0112
	-0.0968
	0.3293
	0.2307
	0.3293
	1.0967

	Seq. 8
	0.1497
	-0.0251
	0.2407
	-0.1393
	0.3293
	0.2307
	0.2432
	0.7756

	Seq. 9
	0.2309
	0.1554
	0.0244
	-0.1104
	0.7756
	0.2307
	0.2432
	0.2307

	Seq. 10
	0.0198
	-0.1759
	0.3014
	-0.0619
	0.7756
	0.2307
	0.2432
	0.2432

	Seq. 11
	-0.0188
	0.0193
	0.1888
	-0.1279
	0.3951
	0.7756
	0.2432
	0.9164

	Seq. 12
	0.1554
	0.1833
	-0.1221
	-0.0290
	0.3951
	0.7756
	0.4186
	0.8569

	Seq. 13
	0.1347
	0.1347
	-0.0995
	0.1138
	0.6759
	0.7756
	0.3293
	0.3293

	Seq. 14
	-0.0639
	0.2100
	0.1063
	0.0283
	0.6759
	0.7756
	0.2432
	0.9698

	Seq. 15
	0.0227
	0.0716
	0.2018
	0.0738
	1.0032
	0.3293
	0.4186
	0.9310

	Seq. 16
	0.2355
	-0.0458
	0.0738
	0.1169
	1.0032
	0.3293
	0.3293
	0.6599

	Seq. 17
	-0.0532
	0.1285
	0.0269
	0.1476
	0.5725
	0.3293
	0.4186
	1.0457

	Seq. 18
	0.0716
	0.2116
	0.1486
	0.0817
	0.5725
	0.3293
	0.4186
	1.0269

	Seq. 19
	0.3129
	-0.0290
	0.2503
	-0.0009
	0.4303
	0.5278
	0.4186
	0.7184

	Seq. 20
	0.3450
	0.0716
	0.2503
	0.2738
	0.4303
	0.5278
	0.4186
	0.9066

	Seq. 21
	0.0523
	-0.0256
	0.4305
	0.1821
	0.5725
	0.5278
	0.2432
	0.8166

	Seq. 22
	0.1083
	0.0422
	0.1535
	-0.0313
	0.5725
	0.5278
	0.3293
	0.8469

	Seq. 23
	0.0281
	0.1962
	0.3856
	-0.0150
	0.8166
	0.3951
	0.2432
	0.7289

	Seq. 24
	0.3147
	0.3450
	0.1890
	-0.0258
	0.8166
	0.3951
	0.2432
	0.4069

	Seq. 25
	0.3642
	0.0872
	0.2280
	0.1686
	1.1150
	0.3951
	0.4186
	0.5446

	Seq. 26
	0.0716
	0.0509
	0.3210
	0.0019
	1.1150
	0.3951
	0.4186
	0.4419

	Seq. 27
	0.4327
	0.2116
	0.2916
	0.0589
	1.0503
	0.5165
	0.2432
	0.5165

	Seq. 28
	0.3029
	0.3433
	0.1676
	0.1815
	0.8569
	0.5165
	0.4186
	1.0736

	Seq. 29
	0.1861
	0.2520
	0.1302
	0.1476
	0.8569
	0.5165
	0.3293
	0.7131

	Seq. 30
	0.3254
	0.3294
	0.3026
	0.1757
	0.8569
	0.5165
	0.4186
	0.7601




Statistics of cross-correlation (mean/max/std dev/95% tile)
The correlation performance of the sequences is given in Figure 4. In this figure,  shows the normalized maximum correlation coefficient where  and  represent zero and full correlation, respectively. The figure shows the CDF of  for the proposed sequences based on Method 1 and Method 5. The correlation results based on the agreed metrics are also tabulated in Table 5.
Considering Figure 4 and Table 5, we have the following assessments:
· The maximum and mean cross-correlation results for LTE CGS are 0.7947 and 0.6755 with Method 1 and Method 5, respectively, which are worse than the proposed CGS sets.
· The maximum correlation results for Method 1 and Method 5 is 1 for the design in [13].
· When Method 5 (which only considers integer ) is utilized for the metric, the maximum correlation results are very similar among all the proposed CGS sets and are within a margin of 0.05. When the non-integer cyclic shifts (i.e., with over-sampling in time) are captured via Method 1, the maximum correlation results are still within the same margin of 0.05; however, the proposed CGS sets in [15] deteriorates to 0.8828.

Observation 6: When the non-integer cyclic shifts are captured in the cross-correlation calculation using Method 1, the maximum correlation results differ between the CSG proposals. The proposed CGS designs (Set#1-Set#4) and the design in [10] perform similarly.  
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a) Method 5                                       b) Method 1
[bookmark: _Ref492302786]Figure 4 Statistics of cross-correlation for the proposed CGSs 

[bookmark: _Ref494564968]Table 5. Cross-correlation statistics for the proposed CGS sets
	
	InterDigital 
(Set #1)
	InterDigital 
(Set #2)
	InterDigital 
(Set #3)
	InterDigital 
(Set #4)
	Huawei
[10]
	Qualcomm
[15]
	CATT
[13]
	LTE
36.211

	Max. Corr (Method 1)
	0.6664
	0.6882
	0.6992
	0.7485
	0.6869
	0.8828
	1.0000
	0.7947

	Mean. Corr (Method 1)
	0.3534
	0.3560
	0.3579
	0.3625
	0.3508
	0.3648
	0.3814
	0.3570

	Std. Dev. (Method 1)
	0.2765
	0.2790
	0.2807
	0.2854
	0.2747
	0.2886
	0.3174
	0.2809

	95% tile (Method 1)
	0.6558
	0.6677
	0.6851
	0.7161
	0.6636
	0.7198
	0.9997
	0.6879

	Max. Corr (Method 5)
	0.6550
	0.6834
	0.6954
	0.7283
	0.6667
	0.7071
	1.0000
	0.6755

	Mean. Corr (Method 5)
	0.1609
	0.1606
	0.1610
	0.1607
	0.1594
	0.1586
	0.1492
	0.1603

	Std. Dev. (Method 5)
	0.1622
	0.1625
	0.1621
	0.1624
	0.1637
	0.1645
	0.1731
	0.1628

	95% tile (Method 5)
	0.4942
	0.4999
	0.4990
	0.4992
	0.4990
	0.5003
	0.4995
	0.4989





In Figure 5, we provide the CDF curve for the correlation (based on Method 1) between the base sequences for new NR and LTE sequences. The statistics regarding this figure are provided in Table 6. Based on these results, the maximum cross correlation degrades for all proposed new CGS sets. It is worth noting that the proposed CGS set#3 still provides the best overall cross-correlation performance among all the proposed CGS sets.
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[bookmark: _Ref494625942]Figure 5 Statistics of cross-correlation between the base sequences for new NR and LTE sequences for the proposed CGSs (Based on Method 1)
[bookmark: _Ref494625952]Table 6. Cross-correlation statistics between the base sequences for new NR and LTE sequences (The best three numbers are shaded in green)  
	
	InterDigital 
(Set #1)
	InterDigital 
(Set #2)
	InterDigital 
(Set #3)
	InterDigital 
(Set #4)
	Huawei
[10]
	Qualcomm
[15]
	CATT
[13]

	Max. Corr (with LTE CGS) (Method 1)
	0.955242
	0.960851
	0.899525
	0.95428
	0.933266
	1
	1

	Mean. Corr (with LTE CGS) (Method 1)
	0.363291
	0.363287
	0.363927
	0.363238
	0.359393
	0.362437
	0.368581

	Std. Dev. (with LTE CGS) (Method 1)
	0.288349
	0.28875
	0.28802
	0.289263
	0.284063
	0.287974
	0.293564

	95% tile (with LTE CGS) (Method 1)
	0.752507
	0.749964
	0.748064
	0.76158
	0.706909
	0.733205
	0.771734



Complexity (Modulation/EVM)
In Figure 6, we provide the alphabet of CGS sets in the complex domain after the sequences are cyclically shifted for our proposed sequences, Huawei’s proposal, Qualcomm’s proposal, and LTE CGSs. As seen from the figures, all the proposals ultimately result in 12-PSK. Hence, we think that 12-PSK alphabet and QPSK alphabet lead to same amount of receiver/transmitter complexity. Furthermore, we believe that the EVM evaluation of the alphabet for the sequence is a misleading metric. This is mainly because the sequence itself carries information, not the individual elements of the sequence. Hence, the detection at receiver is not based on any individual element of the sequence, but on the sequence itself even for the coherent approach proposed in [15].
Observation 7: All the CGS proposals ultimately result in 12-PSK after cyclic shift is introduced.
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a) InterDigital                                       b) LTE
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c) Huawei [10]                                      d) Qualcomm [15]
 
[bookmark: _Ref494566640]Figure 6 Alphabet before/after cyclic shifts 
Conclusions
In this contribution, we have the following observations on the sequences for Short PUCCH for 1-2 bits:
Observation 1: Integer circular time shifts of a signal generated through a unimodular sequence of length of L by an L-IDFT operation are orthogonal to each other. 
Observation 2: A CGS set with the alphabet of a QPSK constellation will be a CGS set with the alphabet of a 12-PSK constellation after the cyclic shifts.
Observation 3: A CGS set with the alphabet of a 12-PSK constellation is still a CGS set with the alphabet of a 12-PSK constellation after the cyclic shifts.
Observation 4: A CGS set with the alphabet of a 12-PSK constellation provides a better framework to minimize PAPR and cross-correlation compared to 4-PSK since the alphabet is denser in the complex domain without increasing receiver complexity.
Observation 5: The proposed CGS designs (Set#1-Set#4) introduce approximately 1.7-2 dB gain as compared to LTE CGS and outperform the CGS proposals in [10] , [15] and [13] from PAPR/CM perspective.
Observation 6: When the non-integer cyclic shifts are captured in the cross-correlation calculation using Method 1, the maximum correlation results differ between the CSG proposals. The proposed CGS designs (Set#1-Set#4) and the design in [10] perform similarly. 
Observation 7: All the CGS proposals ultimately result in 12-PSK after cyclic shift is introduced.
Since 12-PSK alphabet yields a better framework than QPSK alphabet for the base sequence design with lower PAPR and cross-correlation without increasing the transmitter and receiver complexity, and based on the above observations and fair comparison, we make the following proposals:
Proposal 1: A CGS set for length of 12 with the alphabet of 12-PSK should be considered in PUCCH sequence design.

	
	InterDigital 
(Set #1)
	InterDigital 
(Set #2)
	InterDigital 
(Set #3)
	InterDigital 
(Set #4)
	Huawei
[10]
	Qualcomm
[15]
	CATT
[13]
	LTE
36.211

	Max. PAPR
	2.3994
	2.2960
	2.1976
	2.0981
	2.9909
	2.5500
	2.4069
	4.0914

	Min. PAPR
	1.9123
	1.9123
	1.9123
	1.8712
	2.1494
	2.1494
	2.1494
	2.3349

	Ave. PAPR
	2.2879
	2.1897
	2.1398
	2.0212
	2.6299
	2.4566
	2.3453
	3.2070

	Max. CM
	0.4327
	0.3450
	0.4305
	0.2738
	1.1150
	0.7756
	0.4186
	1.0967

	Min. CM
	-0.0639
	-0.1759
	-0.1603
	-0.1906
	0.0089
	0.0089
	0.0089
	0.2307

	Ave. CM
	0.1343
	0.0965
	0.1436
	0.0173
	0.6169
	0.4030
	0.3082
	0.7105

	Max. Corr (Method 1)
	0.6664
	0.6882
	0.6992
	0.7485
	0.6869
	0.8828
	1.0000
	0.7947

	Mean. Corr (Method 1)
	0.3534
	0.3560
	0.3579
	0.3625
	0.3508
	0.3648
	0.3814
	0.3570

	Std. Dev. (Method 1)
	0.2765
	0.2790
	0.2807
	0.2854
	0.2747
	0.2886
	0.3174
	0.2809

	95% tile (Method 1)
	0.6558
	0.6677
	0.6851
	0.7161
	0.6636
	0.7198
	0.9997
	0.6879

	Max. Corr (Method 5)
	0.6550
	0.6834
	0.6954
	0.7283
	0.6667
	0.7071
	1.0000
	0.6755

	Mean. Corr (Method 5)
	0.1609
	0.1606
	0.1610
	0.1607
	0.1594
	0.1586
	0.1492
	0.1603

	Std. Dev. (Method 5)
	0.1622
	0.1625
	0.1621
	0.1624
	0.1637
	0.1645
	0.1731
	0.1628

	95% tile (Method 5)
	0.4942
	0.4999
	0.4990
	0.4992
	0.4990
	0.5003
	0.4995
	0.4989

	Max. Corr 
(with LTE CGS) (Met. 1)
	0.955242
	0.960851
	0.899525
	0.95428
	0.933266
	1
	1
	X

	Mean. Corr
 (with LTE CGS) (Met. 1)
	0.363291
	0.363287
	0.363927
	0.363238
	0.359393
	0.362437
	0.368581
	X

	Std. Dev.
 (with LTE CGS) (Met. 1)
	0.288349
	0.28875
	0.28802
	0.289263
	0.284063
	0.287974
	0.293564
	X

	95% tile 
(with LTE CGS) (Met. 1)
	0.752507
	0.749964
	0.748064
	0.76158
	0.706909
	0.733205
	0.771734
	X
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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 PUCCH. 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 7 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.).



Base Sequence Set 1: Maximum Correlation: 0.6667, Maximum PAPR: 2.4 dB, Alphabet: 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:0.6667, Maximum PAPR: 2.4dB, Alphabet: 12PSK
	PAPR (dB)

	Seq. 1
	0
	11
	4
	11
	11
	4
	10
	0
	10
	4
	5
	5
	2.39319

	Seq. 2
	0
	3
	3
	8
	1
	8
	10
	8
	7
	3
	10
	9
	1.912293

	Seq. 3
	0
	3
	11
	2
	8
	8
	10
	2
	11
	8
	2
	0
	2.192156

	Seq. 4
	0
	2
	1
	3
	6
	3
	11
	0
	8
	7
	0
	6
	2.372921

	Seq. 5
	0
	9
	11
	7
	2
	0
	2
	2
	1
	6
	9
	0
	2.396348

	Seq. 6
	0
	0
	9
	8
	4
	4
	7
	7
	2
	8
	3
	7
	2.394619

	Seq. 7
	0
	8
	5
	1
	3
	11
	2
	9
	11
	0
	1
	5
	2.351236

	Seq. 8
	0
	2
	4
	1
	6
	8
	2
	11
	6
	8
	6
	4
	2.166018

	Seq. 9
	0
	5
	0
	9
	10
	3
	8
	7
	5
	7
	11
	10
	2.318231

	Seq. 10
	0
	4
	5
	7
	11
	10
	6
	0
	1
	10
	0
	9
	2.236292

	Seq. 11
	0
	3
	4
	5
	6
	2
	4
	11
	2
	9
	6
	2
	2.298817

	Seq. 12
	0
	7
	11
	11
	1
	10
	11
	1
	7
	5
	4
	11
	2.166851

	Seq. 13
	0
	5
	6
	0
	11
	8
	7
	7
	6
	10
	6
	11
	2.221986

	Seq. 14
	0
	11
	11
	4
	2
	1
	9
	2
	9
	8
	0
	5
	2.36607

	Seq. 15
	0
	2
	6
	9
	9
	5
	2
	1
	5
	1
	5
	1
	2.350062

	Seq. 16
	0
	11
	2
	2
	1
	9
	4
	9
	3
	4
	10
	0
	2.319579

	Seq. 17
	0
	2
	1
	11
	10
	0
	5
	3
	10
	5
	8
	1
	2.081905

	Seq. 18
	0
	8
	7
	8
	8
	7
	0
	1
	6
	10
	4
	0
	2.288941

	Seq. 19
	0
	2
	9
	0
	9
	1
	6
	7
	8
	4
	11
	9
	2.377683

	Seq. 20
	0
	8
	0
	0
	2
	5
	10
	3
	11
	10
	7
	7
	2.283193

	Seq. 21
	0
	11
	11
	4
	2
	4
	8
	1
	1
	7
	0
	9
	2.214342

	Seq. 22
	0
	6
	2
	7
	7
	8
	8
	5
	4
	11
	1
	6
	2.387562

	Seq. 23
	0
	3
	10
	4
	6
	4
	1
	6
	4
	11
	0
	2
	2.255737

	Seq. 24
	0
	7
	7
	7
	5
	1
	11
	3
	2
	5
	10
	3
	2.282001

	Seq. 25
	0
	4
	10
	10
	4
	1
	3
	9
	7
	10
	8
	8
	2.399426

	Seq. 26
	0
	0
	10
	6
	3
	8
	5
	8
	0
	5
	8
	8
	2.289118

	Seq. 27
	0
	10
	10
	11
	2
	7
	4
	9
	3
	9
	9
	4
	2.38855

	Seq. 28
	0
	1
	1
	5
	5
	11
	3
	1
	9
	10
	5
	10
	2.377428

	Seq. 29
	0
	2
	11
	4
	7
	4
	9
	8
	3
	6
	6
	1
	2.291709

	Seq. 30
	0
	7
	9
	3
	1
	10
	1
	11
	5
	8
	9
	8
	2.263848


Base Sequence Set 2: Maximum Correlation: 0.6875, Maximum PAPR: 2.3 dB, Alphabet: 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: 0.6875, Maximum PAPR: 2.3 dB, Alphabet: 12PSK
	PAPR (dB)

	Seq. 1
	0
	3
	3
	8
	1
	8
	10
	8
	7
	3
	10
	9
	1.912293

	Seq. 2
	0
	3
	11
	2
	8
	8
	10
	2
	11
	8
	2
	0
	2.192156

	Seq. 3
	0
	9
	5
	0
	9
	11
	8
	10
	7
	10
	2
	3
	2.272046

	Seq. 4
	0
	4
	7
	11
	9
	2
	11
	3
	2
	1
	0
	9
	2.20187

	Seq. 5
	0
	2
	4
	1
	6
	8
	2
	11
	6
	8
	6
	4
	2.166018

	Seq. 6
	0
	4
	5
	7
	11
	10
	6
	0
	1
	10
	0
	9
	2.236292

	Seq. 7
	0
	10
	1
	1
	6
	5
	6
	3
	0
	5
	8
	2
	2.268047

	Seq. 8
	0
	6
	4
	0
	3
	1
	11
	0
	4
	2
	5
	9
	2.272995

	Seq. 9
	0
	7
	11
	11
	1
	10
	11
	1
	7
	5
	4
	11
	2.166851

	Seq. 10
	0
	6
	2
	9
	9
	3
	6
	0
	11
	11
	11
	1
	1.913018

	Seq. 11
	0
	10
	11
	0
	10
	2
	8
	4
	5
	11
	11
	4
	2.18418

	Seq. 12
	0
	0
	8
	6
	9
	4
	0
	4
	5
	1
	5
	7
	2.2242

	Seq. 13
	0
	5
	6
	0
	11
	8
	7
	7
	6
	10
	6
	11
	2.221986

	Seq. 14
	0
	3
	4
	10
	7
	10
	0
	7
	1
	0
	0
	9
	2.214901

	Seq. 15
	0
	8
	1
	4
	8
	1
	0
	3
	2
	2
	0
	8
	2.289112

	Seq. 16
	0
	11
	8
	11
	8
	5
	11
	2
	7
	5
	7
	11
	2.157015

	Seq. 17
	0
	1
	3
	11
	1
	3
	10
	7
	8
	3
	11
	4
	2.262333

	Seq. 18
	0
	4
	4
	6
	11
	6
	3
	1
	8
	11
	8
	8
	2.249896

	Seq. 19
	0
	9
	8
	5
	1
	3
	5
	3
	6
	6
	11
	4
	1.956733

	Seq. 20
	0
	8
	7
	8
	8
	7
	0
	1
	6
	10
	4
	0
	2.288941

	Seq. 21
	0
	3
	9
	0
	10
	8
	6
	0
	10
	1
	0
	4
	2.111829

	Seq. 22
	0
	10
	3
	0
	7
	7
	5
	3
	5
	9
	2
	6
	2.035374

	Seq. 23
	0
	3
	11
	6
	0
	3
	8
	8
	3
	1
	1
	2
	2.197706

	Seq. 24
	0
	8
	0
	0
	2
	5
	10
	3
	11
	10
	7
	7
	2.283193

	Seq. 25
	0
	6
	1
	4
	8
	8
	1
	10
	10
	10
	8
	5
	2.281746

	Seq. 26
	0
	10
	2
	3
	0
	6
	6
	0
	3
	1
	9
	0
	2.266404

	Seq. 27
	0
	10
	0
	6
	3
	5
	0
	0
	5
	0
	0
	4
	2.109241

	Seq. 28
	0
	5
	0
	1
	11
	9
	4
	0
	4
	5
	8
	9
	2.296041

	Seq. 29
	0
	3
	10
	1
	4
	5
	2
	0
	11
	4
	0
	8
	2.19352

	Seq. 30
	0
	0
	4
	11
	5
	4
	11
	4
	6
	3
	0
	1
	2.264954



Base Sequence Set 3: Maximum Correlation: 0.7, Maximum PAPR: 2.2 dB, Alphabet: 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: 0.7, Maximum PAPR: 2.2 dB, Alphabet: 12PSK
	PAPR (dB)

	Seq. 1
	0
	3
	3
	8
	1
	8
	10
	8
	7
	3
	10
	9
	1.912293

	Seq. 2
	0
	3
	11
	2
	8
	8
	10
	2
	11
	8
	2
	0
	2.192156

	Seq. 3
	0
	2
	4
	1
	6
	8
	2
	11
	6
	8
	6
	4
	2.166018

	Seq. 4
	0
	9
	4
	0
	1
	10
	0
	8
	10
	1
	4
	5
	2.17122

	Seq. 5
	0
	7
	11
	11
	1
	10
	11
	1
	7
	5
	4
	11
	2.166851

	Seq. 6
	0
	10
	11
	0
	10
	2
	8
	4
	5
	11
	11
	4
	2.18418

	Seq. 7
	0
	0
	2
	11
	9
	3
	3
	6
	10
	4
	10
	2
	2.108784

	Seq. 8
	0
	4
	11
	2
	2
	8
	10
	10
	9
	5
	2
	11
	2.152898

	Seq. 9
	0
	5
	7
	4
	10
	0
	9
	7
	11
	8
	7
	10
	2.180466

	Seq. 10
	0
	9
	10
	8
	3
	1
	0
	4
	2
	7
	10
	1
	2.189746

	Seq. 11
	0
	4
	11
	3
	3
	2
	2
	8
	8
	0
	11
	6
	2.135622

	Seq. 12
	0
	9
	3
	9
	3
	4
	2
	3
	6
	7
	1
	1
	2.124974

	Seq. 13
	0
	2
	5
	10
	10
	0
	9
	1
	8
	3
	2
	11
	2.044466

	Seq. 14
	0
	4
	3
	6
	8
	6
	3
	5
	1
	1
	7
	0
	2.176247

	Seq. 15
	0
	2
	4
	11
	2
	11
	4
	9
	7
	3
	0
	11
	2.054597

	Seq. 16
	0
	1
	9
	10
	0
	1
	9
	5
	4
	9
	4
	10
	2.033467

	Seq. 17
	0
	1
	5
	10
	9
	6
	2
	4
	1
	6
	3
	5
	2.178866

	Seq. 18
	0
	4
	4
	5
	1
	0
	0
	7
	1
	2
	7
	3
	2.163379

	Seq. 19
	0
	2
	6
	5
	11
	2
	7
	2
	10
	9
	10
	8
	2.161589

	Seq. 20
	0
	0
	10
	1
	9
	8
	5
	0
	6
	9
	10
	2
	2.161612

	Seq. 21
	0
	5
	0
	8
	4
	6
	10
	9
	8
	4
	5
	7
	2.197567

	Seq. 22
	0
	10
	10
	9
	1
	5
	10
	1
	10
	4
	2
	8
	2.116703

	Seq. 23
	0
	1
	7
	1
	5
	1
	7
	5
	8
	8
	4
	4
	2.158025

	Seq. 24
	0
	7
	4
	9
	9
	0
	3
	8
	3
	4
	2
	1
	2.196783

	Seq. 25
	0
	4
	4
	1
	4
	6
	1
	2
	0
	5
	10
	7
	2.146241

	Seq. 26
	0
	8
	3
	3
	9
	0
	10
	5
	7
	4
	6
	6
	2.176943

	Seq. 27
	0
	4
	1
	10
	10
	5
	3
	8
	10
	0
	9
	0
	2.020116

	Seq. 28
	0
	1
	0
	10
	8
	0
	5
	2
	9
	5
	7
	11
	2.146757

	Seq. 29
	0
	10
	3
	2
	8
	8
	6
	6
	5
	10
	3
	8
	2.18603

	Seq. 30
	0
	2
	1
	11
	10
	6
	3
	9
	3
	10
	1
	4
	2.188125



Base Sequence Set 4: Maximum Correlation: 0.75, Maximum PAPR: 2.1 dB, Alphabet: 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, Alphabet: 12PSK
	PAPR (dB)

	Seq. 1
	0
	3
	3
	8
	1
	8
	10
	8
	7
	3
	10
	9
	1.912293

	Seq. 2
	0
	1
	8
	8
	5
	6
	8
	8
	2
	9
	4
	8
	2.092179

	Seq. 3
	0
	6
	2
	9
	9
	3
	6
	0
	11
	11
	11
	1
	1.913018

	Seq. 4
	0
	2
	4
	0
	4
	2
	7
	1
	0
	10
	6
	6
	2.018439

	Seq. 5
	0
	2
	2
	1
	4
	6
	0
	0
	8
	4
	9
	3
	2.033529

	Seq. 6
	0
	0
	4
	6
	8
	4
	2
	11
	5
	0
	3
	11
	2.041621

	Seq. 7
	0
	7
	2
	9
	5
	5
	1
	2
	10
	0
	2
	3
	2.084227

	Seq. 8
	0
	8
	4
	10
	8
	11
	0
	0
	6
	8
	3
	5
	1.871246

	Seq. 9
	0
	0
	11
	6
	7
	7
	10
	4
	9
	8
	3
	10
	1.926806

	Seq. 10
	0
	6
	0
	0
	4
	2
	5
	7
	5
	2
	2
	11
	1.985531

	Seq. 11
	0
	3
	10
	0
	8
	8
	10
	1
	0
	6
	3
	11
	2.043545

	Seq. 12
	0
	9
	8
	5
	1
	3
	5
	3
	6
	6
	11
	4
	1.956733

	Seq. 13
	0
	1
	4
	3
	10
	11
	2
	11
	9
	3
	7
	2
	1.952476

	Seq. 14
	0
	6
	11
	10
	2
	7
	9
	7
	7
	1
	11
	11
	2.009113

	Seq. 15
	0
	1
	9
	10
	0
	1
	9
	5
	4
	9
	4
	10
	2.033467

	Seq. 16
	0
	10
	2
	0
	9
	8
	11
	2
	3
	10
	2
	7
	2.075709

	Seq. 17
	0
	10
	10
	10
	3
	10
	3
	4
	9
	7
	1
	3
	2.046142

	Seq. 18
	0
	6
	11
	3
	3
	9
	9
	5
	2
	3
	4
	3
	2.038126

	Seq. 19
	0
	9
	4
	7
	6
	0
	3
	6
	2
	5
	7
	5
	2.018456

	Seq. 20
	0
	2
	1
	10
	2
	9
	5
	4
	0
	9
	0
	3
	2.049795

	Seq. 21
	0
	0
	11
	1
	7
	3
	3
	8
	11
	4
	2
	8
	2.084425

	Seq. 22
	0
	2
	6
	10
	11
	10
	1
	10
	1
	9
	5
	2
	2.081017

	Seq. 23
	0
	5
	9
	3
	5
	2
	1
	2
	5
	4
	10
	8
	1.923486

	Seq. 24
	0
	6
	1
	9
	5
	9
	11
	7
	7
	6
	10
	0
	2.090691

	Seq. 25
	0
	10
	10
	4
	11
	1
	7
	0
	11
	4
	7
	7
	2.090825

	Seq. 26
	0
	5
	2
	10
	11
	9
	6
	7
	11
	7
	10
	0
	2.068548

	Seq. 27
	0
	0
	2
	11
	9
	4
	4
	5
	11
	6
	11
	3
	1.996542

	Seq. 28
	0
	8
	9
	3
	11
	8
	0
	6
	6
	7
	8
	0
	2.098141

	Seq. 29
	0
	11
	2
	9
	11
	9
	11
	3
	5
	2
	11
	6
	2.046142

	Seq. 30
	0
	7
	3
	3
	8
	7
	8
	2
	4
	4
	0
	3
	2.054463
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