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1. Introduction
In 3GPP RAN1 Meeting #50, it was decided that computer generated sequence proposals for 1 and 2 RB UL DM RS should  be submitted to the reflector by 7th  of September 2007 [1],[2]. In total, 6 CG sequence sets were proposed by NSN & Nokia, Motorola, Qualcom, Texas Instruments, Sharp and LGE between 3GPP RAN1 meetings #50 and #50bis.  

In this document,  technical merits of the proposed sequence sets are discussed and compared in terms of memory requirements, sequence cross-correlations and cubic metric. For the convenience of the reader, the NSN & Nokia sequence set proposal from 7th  of September 2007 is included to the Appendix.
2. Memory requirements
One of the technical merits is the size of memory that sequences require. The proposed sequence sets can be presented by QPSK constellation points, or are defined by modifications of Zadoff-Chu sequence equation. As a result, all sequence sets have small memory requirements. Remaining differences are insignificant.   

3. Sequence cross-correlations

Cross-correlations between sequences were calculated between 1PRB sequences, an 2 PRB sequences. Related metrics are shown in Tables 1-2. Cross-correlations were calculated also between 1 PRB and 2 PRB sequences (Table 3), 1 PRB and 3 PRB sequences (Table 4), and 2 PRB and 3 PRB sequences (Table 5). 

In the case of different sequence lengths,cross-correlations were calculated from larger bandwidth to the narrower bandwidth for possible frequence offsets between sequences. When calculating cross-correlations to the reversed ‘direction’, shorter sequence should be zero padded to appropriate length. As a result, the impact of cross-correlation ‘direction’ is limited to scaling factor and, thus, only single cross-correlation results for each sequence length pair is presented. 
As noted already on 3GPP reflector,  there are insignificant differences in mean or median cross-correlations of different sequence sets. Also, as pointed out on the reflector, selection of a sequence sets merely by mean or median cross-correlation values may result in a sequence set that contains essentially the same sequence multiple times. Hence, maximum cross-correlation is also included to Tables 1-5 below.  
Panasonic presented on 3GPP reflector a metric where maximum cross-correlation is calculated for each possible sequence pair. We see that such metric is reasonable when considering differences on the upper tail of cross-correlation cdf. Therefore, we show cdf of sequence pair -wise peak cross-correlations in Figures 1-5 We also included 95%-point of such peak cross-correlation distribution to Tables 1-5.     
It can be seen also from these results that the differences between sequence sets are rather small. It can be noted that there are high cross-correlation values for some of the sequences proposed by Sharp. Perhaps it could be noted that also sequences by LGE and Motorola exhibit some large cross-correlation values.     

Table 1 Cross-correlations between 1 PRB sequences.  (Green - values within 1.5 dB from minimum, Yellow – values between 1.5 dB – 3 dB from minimum, Red - values over 3 dB from minimum)
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Table 2 Cross-correlations between 2 PRB sequences.  (Green - values within 1.5 dB from minimum, Yellow - values between 1.5 dB – 3 dB from minimum, Red - values over 3 dB from minimum)
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Table 3 Cross-correlations between 1 PRB and 2 PRB sequences.  (Green - values within 1.5 dB from minimum, Yellow - values between 1.5 dB – 3 dB from minimum, Red - values over 3 dB from minimum)
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Table 4 Cross-correlations between 1 PRB and 3 PRB sequences.  (Green - values within 1.5 dB from minimum, Yellow - values between 1.5 dB – 3 dB from minimum, Red - values over 3 dB from minimum)
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Table 5 Cross-correlations between 2 PRB and 3 PRB sequences.  (Green - values within 1.5 dB from minimum, Yellow - between 1.5 dB – 3 dB from minimum, Red - values over 3 dB from minimum)
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Figure 1 Cdf of peak cross-correlation between 1 PRB sequence pairs.
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Figure 2 Cdf of peak cross-correlation between 2 PRB sequence pairs.
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Figure 3 Cdf of peak cross-correlation between 1 PRB and 2 PRB sequence pairs.
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Figure 4 Cdf of peak cross-correlation between 1 PRB and 3 PRB sequence pairs.
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Figure 5 Cdf of peak cross-correlation between 2 PRB and 3 PRB sequence pairs.

4. Cubic metric properties

We see that it is sufficient that the proposed sequence sets have a CM of less than or similar to QPSK. Optimizing the sequences for minimum CM does not give any additional benefit. Earlier RAN1 discussed different methods for reducing the CM (spectrum shaping and pi/2 BPSK) and it was concluded that those methods are not needed since the UE can transmit QPSK with full power and any further reduction in CM would not give any increase in UE power. Hence, we think that as long as the sequences have a CM value less than or similar to QPSK,  the CM should not be considered as differentiating factor when the selection between sequence sets is made.  
Cubic metric values of the proposed sequence sets meet this criterion; only some CM values in sequence sets by Motorola and LGE marginally exceeds CM of QPSK and can be considered to be similar to QPSK.  As a conclusion, cubic metric properties do not provide any differentiation between the proposed sequence sets.
4.1 Cubic metric properties with multi-sequence modulation

Multi-sequence modulation [3] is an attractive method to improve PUCCH performance. The use of multi-sequence modulation induces different cubic metric values for different sequences. Although these differences are not crucial to multi-sequence modulation, they may be used as one possible metric to differenciate between otherwise similar sequence sets. CM cdf for the proposed sequence sets is presented in Figure 6. 
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Figure 5 Cubic metric cdf  for 1 PRB sequences with multi-sequence modulation (in used calculation, QPSK has 1.2 dB cubic metric).
5. Comparison of sequence sets
Results presented in the earlier sections are summarized in Table 6 and Table 7 for 1 PRB and 2 PRB sequence sets, correspondingly. Although differences are emphasized with colours, the differences between the sequence sets are essentially small. For example, the differences in maximum cross-correlations are in practice rather marginal (hence colours on the table are faded).  Nevertheless, we see that the sequence set proposed by NSN & Nokia is a good candidate for DM RS sequences, achieving a good trade-off between different requirements. 
Table 6 Summary of sequence comparisons for 1 PRB sequence sets
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Table 7 Summary of sequence comparisons for 2 PRB sequence sets
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6. Summary

On this contribution, 1 PRB and 2 PRB sequence set proposals were compared in terms of memory requirements, cross-correlations and cubic metric.  We see that  it is sufficient that sequences have a CM value less than or similar to QPSK. We also see that very large cross-correlation values as well as CM values with multi-sequence modulation can be considered as additional differentiating factors between otherwise similar sequence sets. 
Based on the considered criterions, differences between proposed sequence sets are small. Nevertheless, we see that the sequence set proposed by NSN & Nokia is a good candidate for DM RS sequences, achieving a good trade-off between different requirements.
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Appendix

Sequences

Sequences are given in frequency:
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Figure A-1 Cross-correlation cdf for 1 PRB and 2 PRB sequence sets.
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Figure A-2 Cdf of cross-correlation between 1 PRB and 2 PRB sequences
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Figure A-3 Cdf of cross-correlation between 1 PRB and 3 PRB sequences as well as between 2 PRB and 3 PRB sequences
Cdf of sequence pair –wise peak cross-correlations with oversampling 
Sequences were oversampled in time for cross-correlation calculations
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Figure A-4 Cdf of peak cross-correlation between (a) 1 PRB sequence pairs and (b) 2 PRB sequence pairs
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Figure A-5 Cdf of peak cross-correlation between 1 PRB and 2 PRB sequence pairs
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Figure A-5 Cdf of peak cross-correlation between (a) 1 PRB and 3 PRB sequence pairs and (b) 2 PRB and 3 PRB sequence pairs
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		Sequences are presented in frequency

		Sequence number:		1		2		3		4		5		6		7		8		9		10

		element 1		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i

		2		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		3		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i

		4		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i

		5		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		6		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		7		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		8		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i

		9		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i

		10		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		11		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		12		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i

		Sequence number:		11		12		13		14		15		16		17		18		19		20

		element 1		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		2		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i

		3		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		4		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i

		5		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		6		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		7		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		8		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		9		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		10		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i

		11		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		12		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		Sequence number:		21		22		23		24		25		26		27		28		29		30

		element 1		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i

		2		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		3		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		4		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		5		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i

		6		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i

		7		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		8		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i

		9		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i

		10		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i

		11		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		12		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i
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		Sequences are presented in frequency

		Sequence number:		1		2		3		4		5		6		7		8		9		10

		element 1		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		2		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		3		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		4		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		5		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i

		6		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i

		7		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		8		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i

		9		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		10		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i

		11		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i

		12		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i

		13		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i

		14		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i

		15		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i

		16		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i

		17		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i

		18		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		19		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		20		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i

		21		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i

		22		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i

		23		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i

		24		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		Sequence number:		11		12		13		14		15		16		17		18		19		20

		element 1		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i

		2		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i

		3		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i

		4		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i

		5		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i

		6		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		7		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i

		8		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i

		9		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i

		10		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i

		11		0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i

		12		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i

		13		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i

		14		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		15		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i

		16		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i

		17		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		18		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i

		19		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i

		20		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i

		21		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		22		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i

		23		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		24		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 - 0.7071i		0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i

		Sequence number:		21		22		23		24		25		26		27		28		29		30

		element 1		0.7071 - 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i		0.7071 - 0.7071i		-0.7071 - 0.7071i		0.7071 + 0.7071i		-0.7071 - 0.7071i

		2		0.7071 - 0.7071i		-0.7071 - 0.7071i		-0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		0.7071 + 0.7071i		-0.7071 + 0.7071i		-0.7071 - 0.7071i
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