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Introduction
In the RAN1 #90bis meeting and RAN1 #91 meeting, new CGSs are adopted as the length-24, length-18 and length-12 base sequences for DFT-S-OFDM [1]. However, no considerations were made for the ordering of the sequences. Thus maximum performance is not yet achieved.  
In the Email discussion after RAN1 #91 meeting, the following agreement was achieved:
Agreement: 
Discuss further the re-ordering of the CGS for DFT-S-OFDM after the Rel-15 Dec. specifications.
In this paper, we discuss re-ordering of the length-12, length-18 and length-24 base sequences for DFT-S-OFDM. It should be noted that such re-ordering is trivial and does not change the sequences, i.e., there is no increase in implementation complexity.
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]Discussion on re-ordering of CGS for DFT-s-OFDM
In NR, base sequences with different lengths are divided into 30 groups. For a sequence length ≥30, the Rel-14 LTE DMRS comb-2 ZC sequence design is reused for DFT-S-OFDM based PUSCH DMRS. In NR, the new CGSs would be applied to short PUCCH, DM-RS for long PUCCH, DFT-S-OFDM based PUSCH DMRS and SRS. The new length-12, length-18 and length-24 sequences will be allocated into sequence groups with other lengths sequences. For two sequences with different lengths, for example length-6 and length-12, the possible overlap scenarios are shown in Figure 1, where there are multiple cross-correlation values due to the multiple overlap scenarios. However, it should be noticed that, if the long sequence is ZC sequence, the cross-correlation evaluation result is almost same for all possible overlap scenarios because of the property of ZC sequence, as shown in [2]. Detailed proof can be found in Appendix.

 
Figure 1. Two overlap scenarios for length-6 sequence and length-12 sequence.
In order to reduce inter-cell interference, the cross-correlation of sequences from different groups should be minimized, i.e., sequences with high cross-correlation should be allocated into the same group. As shown in Figure 1, no matter which overlap scenario occurs, interference from short sequence to long sequence is small due to the fact that only partial elements is overlapped, but interference from long sequence to  short sequence may be very severe. So, only interference from long sequence to short sequence is considered for re-ordering. Table 7-Table 9 in Appendix contain the new length-12, length-18 and length-24 base sequences after re-ordering. The ordering is based on ordering proposed in [3], and some improvement is made considering base sequence number v=1 for sequence length≥72.
The number of sequence pairs with high cross-correlation for different sequence length pairs from different groups is shown in Table 1-Table 6. It should be notice that the following length pair: 12 to 18, 12 to 24 and 18 to 24 have 2 columns in the tables, and each column correspond to an overlap scenario. The first column means two sequences are aligned at the beginning, and the 2nd column mean they are aligned from the end. The cross-correlation has considered all cyclic shifts and all overlap scenarios [2]. And it has been verified that proposed ordering won't impact cross-correlation between comb-1 and comb-2 sequences. More evaluation result can be found in the Excel table in Appendix.
[bookmark: _Ref501982211]Table 1. Number of sequence pairs with cross-correlation higher than 0.8 before re-ordering and maximum cross-correlation.
	
	Length-18
	Length-24
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-12
	10
	8
	5
	3
	9
	7
	10
	9
	6
	10
	5

	Max.Corr.
	0.8892
	0.8933
	0.8550
	0.8525
	0.872
	0.8677
	0.8949
	0.8749
	0.9176
	0.8782
	0.8970


Table 2. Number of sequence pairs with cross-correlation higher than 0.8 after re-ordering and maximum cross-correlation.
	
	Length-18
	Length-24
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-12
	5
	5
	4
	2
	1
	1
	1
	1
	3
	0
	4

	Max.Corr.
	0.8358
	0.8932
	0.8550
	0.8373
	0.8310
	0.8107
	0.8034
	0.8074
	0.9176
	0.7949
	0.8970


Table 3. Number of sequence pairs with cross-correlation higher than 0.7 before re-ordering and maximum cross-correlation.
	
	Length-24
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-18
	5
	3
	7
	3
	6
	5
	5
	1
	6

	Max.Corr.
	0.7395
	0.7412
	0.7326
	0.8597
	0.7477
	0.7651
	0.8278
	0.7446
	0.8587


[bookmark: _Ref501982219]Table 4. Number of sequence pairs with cross-correlation higher than 0.7 after re-ordering and maximum cross-correlation.
	
	Length-24
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-18
	1
	3
	0
	0
	1
	0
	1
	0
	1

	Max.Corr.
	0.7115
	0.7412
	0.6935
	0.6978
	0.7015
	0.6615
	0.7128
	0.6838
	0.7131


[bookmark: _Ref506131091]Table 5. Number of sequence pairs with cross-correlation higher than 0.6 and maximum cross-correlation.
	
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-24
	6
	0
	5
	6
	5
	5
	4

	Max.Corr.
	0.6951
	0.5963
	0.6614
	0.7293
	0.7083
	0.6914
	0.6300


[bookmark: _Ref506131070]Table 6. Number of sequence pairs with cross-correlation higher than 0.6 after re-ordering and maximum cross-correlation.
	
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-24
	1
	0
	2
	1
	2
	1
	1

	Max.Corr.
	0.6790
	0.5963
	0.6453
	0.6121
	0.7083
	0.6809
	0.6126


The CDF of cross-correlation of sequences from different groups is shown in Figure 2-4. 
[image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor12_PUCCH_group27.jpg]
[bookmark: _Ref507439402]Figure 2. Cross-correlation of length-12 CGS in group 27 and other length sequences from different groups
[image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor18_PUSCH_group14.jpg]
[bookmark: _Ref507440861]Figure 3. Cross-correlation of length-18 CGS in group 14 and other length sequences from different groups
[image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor24_PUCCH_group6.jpg]
[bookmark: _Ref507441250]Figure 4. Cross-correlation of length-24 CGS in group 6 and other length sequences from different groups

Figure 2-4 show the examples of cross-correlation CDF of length-12, length-18 and length-24 CGS and other length sequences from different groups. The examples chosen are the worst cases before re-ordering, because they need to be optimized the most. Since maximum 16 RB is available for PUCCH, sequences of length ≤ 192 is considered in Figure 2, Figure 4.  And the CDF in Figure 3 has considered sequences of length > 192 due to the fact that length-18 CGS is only used in PUSCH. But it should be clarified that no matter whether sequences of length > 192 is considered or not, cross-correlation CDFs are almost same.
From the results in Table 1-Table 6, it can be seen that the cross-correlation is significantly decreased after re-ordering, especially for the high cross-correlation. It should be pointed out that re-ordering of CGS for DFT-s-OFDM will not introduce any extra complexity. Hence, we propose:
Proposal 1: Re-ordering of CGS for DFT-s-OFDM with different lengths should be considered jointly. Support the ordering in Table 7-Table 9 for length-12, length-18 and length-24 CGS.
----------------------------------------Text proposal-------------------------------------------
Section 5.2.2.2 of 38.211 v15.0.0
< Unchanged parts are omitted >


Table 5.2.2.2-2: Definition of  for.
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	0
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	1
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	2
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	3
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	4
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	5
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	6
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	7
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	8
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	9
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	10
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	11
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	12
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	13
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	14
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	15
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	16
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	17
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	18
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	21
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	22
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	23
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	24
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	25
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	26
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1

	27
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	28
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	29
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3




Table 5.2.2.2-3: Definition of  for 
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	0
	1
	1
	-1
	-1
	-3
	-1
	1
	-3
	-3
	-3
	1
	-3
	-1
	-1
	1
	-1
	3
	1

	1
	3
	-3
	3
	-1
	1
	3
	-3
	-1
	-3
	-3
	-1
	-3
	3
	1
	-1
	3
	-3
	3

	2
	-3
	3
	1
	-1
	-1
	3
	-3
	-1
	1
	1
	1
	1
	1
	-1
	3
	-1
	-3
	-1

	3
	1
	1
	-3
	3
	3
	1
	3
	-3
	3
	-1
	1
	1
	-1
	1
	-3
	-3
	-1
	3

	4
	-3
	-3
	1
	-3
	3
	3
	3
	-1
	3
	1
	1
	-3
	-3
	-3
	3
	-3
	-1
	-1

	5
	3
	-3
	1
	1
	3
	-1
	1
	-1
	-1
	-3
	1
	1
	-1
	3
	3
	-3
	3
	-1

	6
	-3
	3
	-1
	1
	3
	1
	-3
	-1
	1
	1
	-3
	1
	3
	3
	-1
	-3
	-3
	-3

	7
	-1
	3
	-1
	-3
	3
	1
	-3
	-1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	-1
	-1

	8
	-3
	1
	-3
	-3
	1
	-3
	-3
	3
	1
	-3
	-1
	-3
	-3
	-3
	-1
	1
	1
	3

	9
	3
	-1
	3
	1
	-3
	-3
	-1
	1
	-3
	-3
	3
	3
	3
	1
	3
	-3
	3
	-3

	10
	1
	-3
	-1
	-3
	3
	3
	-1
	-3
	1
	-3
	-3
	-1
	-3
	-1
	1
	3
	3
	3

	11
	-3
	-3
	3
	3
	3
	-1
	-1
	-3
	-1
	-1
	-1
	3
	1
	-3
	-3
	-1
	3
	-1

	12
	-3
	-1
	-3
	-3
	1
	1
	-1
	-3
	-1
	-3
	-1
	-1
	3
	3
	-1
	3
	1
	3

	13
	1
	1
	-3
	-3
	-3
	-3
	1
	3
	-3
	3
	3
	1
	-3
	-1
	3
	-1
	-3
	1

	14
	-3
	3
	-1
	-3
	-1
	-3
	1
	1
	-3
	-3
	-1
	-1
	3
	-3
	1
	3
	1
	1

	15
	-3
	-3
	1
	-1
	-1
	1
	1
	-3
	-1
	3
	3
	3
	3
	-1
	3
	1
	3
	1

	16
	-3
	-3
	3
	3
	3
	1
	-3
	1
	3
	3
	1
	-3
	-3
	3
	-1
	-3
	-1
	1

	17
	-3
	-1
	3
	3
	-1
	3
	-1
	-3
	-1
	1
	-1
	-3
	-1
	-1
	-1
	3
	3
	1

	18
	-3
	1
	-3
	-1
	-1
	3
	1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	1
	1
	-1
	-1

	19
	3
	3
	3
	-3
	-1
	-3
	-1
	3
	-1
	1
	-1
	-3
	1
	-3
	-3
	-1
	3
	3

	20
	-3
	1
	1
	-3
	1
	1
	3
	-3
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	-1
	-3

	21
	-3
	-1
	-3
	-1
	-3
	1
	3
	-3
	-1
	3
	3
	3
	1
	-1
	-3
	3
	-1
	-3

	22
	3
	-1
	-3
	1
	-3
	-3
	-3
	3
	3
	-1
	1
	-3
	-1
	3
	1
	1
	3
	3

	23
	-3
	-3
	-3
	1
	-3
	3
	1
	1
	3
	-3
	-3
	1
	3
	-1
	3
	-3
	-3
	3

	24
	3
	-1
	-1
	1
	-3
	-1
	-3
	-1
	-3
	-3
	-1
	-3
	1
	1
	1
	-3
	-3
	3

	25
	3
	1
	-3
	1
	-3
	3
	3
	-1
	-3
	-3
	-1
	-3
	-3
	3
	-3
	-1
	1
	3

	26
	-3
	-1
	-1
	-3
	1
	-3
	3
	-1
	-1
	-3
	3
	3
	-3
	-1
	3
	-1
	-1
	-1

	27
	-3
	-3
	3
	3
	-3
	1
	3
	-1
	-3
	1
	-1
	-3
	3
	-3
	-1
	-1
	-1
	3

	28
	-1
	-3
	1
	-3
	-3
	-3
	1
	1
	3
	3
	-3
	3
	3
	-3
	-1
	3
	-3
	1

	29
	-3
	3
	1
	-1
	-1
	-1
	-1
	1
	-1
	3
	3
	-3
	-1
	1
	3
	-1
	3
	-1
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	0
	-1
	-3
	3
	-1
	3
	1
	3
	-1
	1
	-3
	-1
	-3
	-1
	1
	3
	-3
	-1
	-3
	3
	3
	3
	-3
	-3
	-3

	1
	-1
	-3
	3
	1
	1
	-3
	1
	-3
	-3
	1
	-3
	-1
	-1
	3
	-3
	3
	3
	3
	-3
	1
	3
	3
	-3
	-3

	2
	-1
	-3
	-3
	1
	-1
	-1
	-3
	1
	3
	-1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-3
	-1
	-1
	3
	-3
	-3

	3
	1
	-3
	3
	-1
	-3
	-1
	3
	3
	1
	-1
	1
	1
	3
	-3
	-1
	-3
	-3
	-3
	-1
	3
	-3
	-1
	-3
	-3

	4
	-3
	3
	1
	3
	-1
	1
	-3
	1
	-3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	-1
	-1
	-1
	1
	1
	-3
	-3

	5
	-3
	-1
	1
	-3
	-3
	1
	1
	-3
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	-1
	-3
	1
	-3
	-3
	-3
	-3

	6
	-3
	1
	-3
	1
	-3
	-3
	1
	-3
	1
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-3
	1
	1
	-3
	1
	1
	-3
	-3

	7
	-3
	1
	3
	-1
	1
	-1
	3
	-3
	3
	-1
	-3
	-1
	-3
	3
	-1
	-1
	-1
	-3
	-1
	-1
	-3
	3
	3
	-3

	8
	-3
	-3
	3
	3
	1
	-1
	-1
	-1
	1
	-3
	-1
	1
	-1
	3
	-3
	-1
	-3
	-1
	-1
	1
	-3
	3
	-1
	-3

	9
	1
	1
	-1
	-3
	-1
	1
	1
	-3
	1
	-1
	1
	-3
	3
	-3
	-3
	3
	-1
	-3
	1
	3
	-3
	1
	-3
	-3

	10
	-3
	-3
	1
	-1
	3
	3
	-3
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	3
	-3
	1
	-3
	1
	-1
	-1
	-1
	-3

	11
	-3
	3
	-1
	3
	1
	-1
	-1
	-1
	3
	3
	1
	1
	1
	3
	3
	1
	-3
	-3
	-1
	1
	-3
	1
	3
	-3

	12
	3
	-3
	3
	-1
	-3
	1
	3
	1
	-1
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	3
	3
	-3
	-3
	3
	-3
	-3

	13
	-3
	3
	-1
	3
	-1
	3
	3
	1
	1
	-3
	1
	3
	-3
	3
	-3
	-3
	-1
	1
	3
	-3
	-1
	-1
	-3
	-3

	14
	-3
	1
	-3
	-1
	-1
	3
	1
	3
	-3
	1
	-1
	3
	3
	-1
	-3
	3
	-3
	-1
	-1
	-3
	-3
	-3
	3
	-3

	15
	-3
	-1
	-1
	-3
	1
	-3
	-3
	-1
	-1
	3
	-1
	1
	-1
	3
	1
	-3
	-1
	3
	1
	1
	-1
	-1
	-3
	-3

	16
	-3
	1
	-3
	3
	-1
	-1
	-1
	-3
	3
	1
	-1
	-3
	-1
	1
	3
	-1
	1
	-1
	1
	-3
	-3
	-3
	-3
	-3

	17
	3
	-1
	3
	-1
	1
	-3
	1
	1
	-3
	-3
	3
	-3
	-1
	-1
	-1
	-1
	-1
	-3
	-3
	-1
	1
	1
	-3
	-3

	18
	-3
	-3
	-3
	-1
	3
	-3
	3
	1
	3
	1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-1
	-3
	3
	1
	3
	-3

	19
	-1
	3
	-3
	-3
	-1
	3
	-1
	-1
	1
	3
	1
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	1
	-1
	-3
	-3

	20
	-3
	-3
	-1
	-1
	-1
	-3
	1
	-1
	-3
	-1
	3
	-3
	1
	-3
	3
	-3
	3
	3
	1
	-1
	-1
	1
	-3
	-3

	21
	3
	-1
	1
	-1
	3
	-3
	1
	1
	3
	-1
	-3
	3
	1
	-3
	3
	-1
	-1
	-1
	-1
	1
	-3
	-3
	-3
	-3

	22
	-3
	1
	-3
	3
	-3
	1
	-3
	3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	1
	3
	-1
	1
	3
	3
	3
	-3

	23
	-3
	-1
	1
	-3
	-1
	-1
	1
	1
	1
	3
	3
	-1
	1
	-1
	1
	-1
	-1
	-3
	-3
	-3
	3
	1
	-1
	-3

	24
	-3
	3
	-1
	-3
	-1
	-1
	-1
	3
	-1
	-1
	3
	-3
	-1
	3
	-3
	3
	-3
	-1
	3
	1
	1
	-1
	-3
	-3

	25
	-3
	1
	-1
	-3
	-3
	-1
	1
	-3
	-1
	-3
	1
	1
	-1
	1
	1
	3
	3
	3
	-1
	1
	-1
	1
	-1
	-3

	26
	-1
	3
	-1
	-1
	3
	3
	-1
	-1
	-1
	3
	-1
	-3
	1
	3
	1
	1
	-3
	-3
	-3
	-1
	-3
	-1
	-3
	-3

	27
	3
	-3
	-3
	-1
	3
	3
	-3
	-1
	3
	1
	1
	1
	3
	-1
	3
	-3
	-1
	3
	-1
	3
	1
	-1
	-3
	-3

	28
	-3
	1
	-3
	1
	-3
	1
	1
	3
	1
	-3
	-3
	-1
	1
	3
	-1
	-3
	3
	1
	-1
	-3
	-3
	-3
	-3
	-3

	29
	3
	-3
	-1
	1
	3
	-1
	-1
	-3
	-1
	3
	-1
	-3
	-1
	-3
	3
	-1
	3
	1
	1
	-3
	3
	-3
	-3
	-3



<Unchanged parts are omitted >
Conclusions
New CGS were adopted to increase performance, however, the inter-cell interference depends on the sequence ordering, which has not yet been considered. Evaluation results showed that the current random ordering should be changed. In this contribution, we have the following proposal:
Proposal 1: Re-ordering of CGS for DFT-s-OFDM with different lengths should be considered jointly. Support the ordering in Table 7-Table 9 for length-12, length-18 and length-24 CGS.
References
[bookmark: _Ref498110088][bookmark: _Ref465239156]3GPP,  “RAN1 Chairman’s Notes”, Prague, Czech Republic, 9-13 October 2017
[bookmark: _Ref506129287]R1-1801232, “Further analysis on re-ordering of length-12 CGS”, Huawei, HiSilicon, Vancouver, CA, 22- 26, Jan. 2018.
[bookmark: _Ref506231631]R1-1800088, “Discussion on grouping of CGS sequence”, Huawei, HiSilicon, Vancouver, CA, 22- 26, Jan. 2018.
Appendix
[bookmark: _Ref506285825]Table 7 New length-12 base sequences after re-ordering
	Index
	Former Index


	

	0
	2
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	1
	27
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	2
	24
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	3
	6
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	4
	7
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	5
	15
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	6
	26
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	7
	10
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	8
	23
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	9
	16
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	10
	3
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	11
	8
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	12
	17
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	13
	12
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	14
	18
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	15
	4
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	16
	1
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	17
	5
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	18
	21
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	19
	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	11
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	21
	20
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	22
	9
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	23
	25
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	24
	14
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	25
	22
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	26
	29
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1

	27
	13
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	28
	0
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	29
	28
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3


Table 8 New length-18 base sequences after re-ordering
	Index
	Former
index
	

	0
	3
	1
	1
	-1
	-1
	-3
	-1
	1
	-3
	-3
	-3
	1
	-3
	-1
	-1
	1
	-1
	3
	1

	1
	0
	3
	-3
	3
	-1
	1
	3
	-3
	-1
	-3
	-3
	-1
	-3
	3
	1
	-1
	3
	-3
	3

	2
	18
	-3
	3
	1
	-1
	-1
	3
	-3
	-1
	1
	1
	1
	1
	1
	-1
	3
	-1
	-3
	-1

	3
	4
	1
	1
	-3
	3
	3
	1
	3
	-3
	3
	-1
	1
	1
	-1
	1
	-3
	-3
	-1
	3

	4
	5
	-3
	-3
	1
	-3
	3
	3
	3
	-1
	3
	1
	1
	-3
	-3
	-3
	3
	-3
	-1
	-1

	5
	1
	3
	-3
	1
	1
	3
	-1
	1
	-1
	-1
	-3
	1
	1
	-1
	3
	3
	-3
	3
	-1

	6
	13
	-3
	3
	-1
	1
	3
	1
	-3
	-1
	1
	1
	-3
	1
	3
	3
	-1
	-3
	-3
	-3

	7
	6
	-1
	3
	-1
	-3
	3
	1
	-3
	-1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	-1
	-1

	8
	7
	-3
	1
	-3
	-3
	1
	-3
	-3
	3
	1
	-3
	-1
	-3
	-3
	-3
	-1
	1
	1
	3

	9
	21
	3
	-1
	3
	1
	-3
	-3
	-1
	1
	-3
	-3
	3
	3
	3
	1
	3
	-3
	3
	-3

	10
	8
	1
	-3
	-1
	-3
	3
	3
	-1
	-3
	1
	-3
	-3
	-1
	-3
	-1
	1
	3
	3
	3

	11
	15
	-3
	-3
	3
	3
	3
	-1
	-1
	-3
	-1
	-1
	-1
	3
	1
	-3
	-3
	-1
	3
	-1

	12
	29
	-3
	-1
	-3
	-3
	1
	1
	-1
	-3
	-1
	-3
	-1
	-1
	3
	3
	-1
	3
	1
	3

	13
	25
	1
	1
	-3
	-3
	-3
	-3
	1
	3
	-3
	3
	3
	1
	-3
	-1
	3
	-1
	-3
	1

	14
	2
	-3
	3
	-1
	-3
	-1
	-3
	1
	1
	-3
	-3
	-1
	-1
	3
	-3
	1
	3
	1
	1

	15
	10
	-3
	-3
	1
	-1
	-1
	1
	1
	-3
	-1
	3
	3
	3
	3
	-1
	3
	1
	3
	1

	16
	12
	-3
	-3
	3
	3
	3
	1
	-3
	1
	3
	3
	1
	-3
	-3
	3
	-1
	-3
	-1
	1

	17
	16
	-3
	-1
	3
	3
	-1
	3
	-1
	-3
	-1
	1
	-1
	-3
	-1
	-1
	-1
	3
	3
	1

	18
	14
	-3
	1
	-3
	-1
	-1
	3
	1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	1
	1
	-1
	-1

	19
	20
	3
	3
	3
	-3
	-1
	-3
	-1
	3
	-1
	1
	-1
	-3
	1
	-3
	-3
	-1
	3
	3

	20
	22
	-3
	1
	1
	-3
	1
	1
	3
	-3
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	-1
	-3

	21
	17
	-3
	-1
	-3
	-1
	-3
	1
	3
	-3
	-1
	3
	3
	3
	1
	-1
	-3
	3
	-1
	-3

	22
	19
	3
	-1
	-3
	1
	-3
	-3
	-3
	3
	3
	-1
	1
	-3
	-1
	3
	1
	1
	3
	3

	23
	24
	-3
	-3
	-3
	1
	-3
	3
	1
	1
	3
	-3
	-3
	1
	3
	-1
	3
	-3
	-3
	3

	24
	26
	3
	-1
	-1
	1
	-3
	-1
	-3
	-1
	-3
	-3
	-1
	-3
	1
	1
	1
	-3
	-3
	3

	25
	27
	3
	1
	-3
	1
	-3
	3
	3
	-1
	-3
	-3
	-1
	-3
	-3
	3
	-3
	-1
	1
	3

	26
	23
	-3
	-1
	-1
	-3
	1
	-3
	3
	-1
	-1
	-3
	3
	3
	-3
	-1
	3
	-1
	-1
	-1

	27
	11
	-3
	-3
	3
	3
	-3
	1
	3
	-1
	-3
	1
	-1
	-3
	3
	-3
	-1
	-1
	-1
	3

	28
	28
	-1
	-3
	1
	-3
	-3
	-3
	1
	1
	3
	3
	-3
	3
	3
	-3
	-1
	3
	-3
	1

	29
	9
	-3
	3
	1
	-1
	-1
	-1
	-1
	1
	-1
	3
	3
	-3
	-1
	1
	3
	-1
	3
	-1


[bookmark: _Ref506231154]Table 9 New length-24 base sequences after re-ordering
	Index
	Former
Index
	

	0
	1
	-1
	-3
	3
	-1
	3
	1
	3
	-1
	1
	-3
	-1
	-3
	-1
	1
	3
	-3
	-1
	-3
	3
	3
	3
	-3
	-3
	-3

	1
	0
	-1
	-3
	3
	1
	1
	-3
	1
	-3
	-3
	1
	-3
	-1
	-1
	3
	-3
	3
	3
	3
	-3
	1
	3
	3
	-3
	-3

	2
	17
	-1
	-3
	-3
	1
	-1
	-1
	-3
	1
	3
	-1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-3
	-1
	-1
	3
	-3
	-3

	3
	4
	1
	-3
	3
	-1
	-3
	-1
	3
	3
	1
	-1
	1
	1
	3
	-3
	-1
	-3
	-3
	-3
	-1
	3
	-3
	-1
	-3
	-3

	4
	2
	-3
	3
	1
	3
	-1
	1
	-3
	1
	-3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	-1
	-1
	-1
	1
	1
	-3
	-3

	5
	7
	-3
	-1
	1
	-3
	-3
	1
	1
	-3
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	-1
	-3
	1
	-3
	-3
	-3
	-3

	6
	8
	-3
	1
	-3
	1
	-3
	-3
	1
	-3
	1
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-3
	1
	1
	-3
	1
	1
	-3
	-3

	7
	26
	-3
	1
	3
	-1
	1
	-1
	3
	-3
	3
	-1
	-3
	-1
	-3
	3
	-1
	-1
	-1
	-3
	-1
	-1
	-3
	3
	3
	-3

	8
	11
	-3
	-3
	3
	3
	1
	-1
	-1
	-1
	1
	-3
	-1
	1
	-1
	3
	-3
	-1
	-3
	-1
	-1
	1
	-3
	3
	-1
	-3

	9
	15
	1
	1
	-1
	-3
	-1
	1
	1
	-3
	1
	-1
	1
	-3
	3
	-3
	-3
	3
	-1
	-3
	1
	3
	-3
	1
	-3
	-3

	10
	12
	-3
	-3
	1
	-1
	3
	3
	-3
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	3
	-3
	1
	-3
	1
	-1
	-1
	-1
	-3

	11
	6
	-3
	3
	-1
	3
	1
	-1
	-1
	-1
	3
	3
	1
	1
	1
	3
	3
	1
	-3
	-3
	-1
	1
	-3
	1
	3
	-3

	12
	19
	3
	-3
	3
	-1
	-3
	1
	3
	1
	-1
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	3
	3
	-3
	-3
	3
	-3
	-3

	13
	16
	-3
	3
	-1
	3
	-1
	3
	3
	1
	1
	-3
	1
	3
	-3
	3
	-3
	-3
	-1
	1
	3
	-3
	-1
	-1
	-3
	-3

	14
	21
	-3
	1
	-3
	-1
	-1
	3
	1
	3
	-3
	1
	-1
	3
	3
	-1
	-3
	3
	-3
	-1
	-1
	-3
	-3
	-3
	3
	-3

	15
	22
	-3
	-1
	-1
	-3
	1
	-3
	-3
	-1
	-1
	3
	-1
	1
	-1
	3
	1
	-3
	-1
	3
	1
	1
	-1
	-1
	-3
	-3

	16
	13
	-3
	1
	-3
	3
	-1
	-1
	-1
	-3
	3
	1
	-1
	-3
	-1
	1
	3
	-1
	1
	-1
	1
	-3
	-3
	-3
	-3
	-3

	17
	3
	3
	-1
	3
	-1
	1
	-3
	1
	1
	-3
	-3
	3
	-3
	-1
	-1
	-1
	-1
	-1
	-3
	-3
	-1
	1
	1
	-3
	-3

	18
	14
	-3
	-3
	-3
	-1
	3
	-3
	3
	1
	3
	1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-1
	-3
	3
	1
	3
	-3

	19
	20
	-1
	3
	-3
	-3
	-1
	3
	-1
	-1
	1
	3
	1
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	1
	-1
	-3
	-3

	20
	10
	-3
	-3
	-1
	-1
	-1
	-3
	1
	-1
	-3
	-1
	3
	-3
	1
	-3
	3
	-3
	3
	3
	1
	-1
	-1
	1
	-3
	-3

	21
	5
	3
	-1
	1
	-1
	3
	-3
	1
	1
	3
	-1
	-3
	3
	1
	-3
	3
	-1
	-1
	-1
	-1
	1
	-3
	-3
	-3
	-3

	22
	23
	-3
	1
	-3
	3
	-3
	1
	-3
	3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	1
	3
	-1
	1
	3
	3
	3
	-3

	23
	24
	-3
	-1
	1
	-3
	-1
	-1
	1
	1
	1
	3
	3
	-1
	1
	-1
	1
	-1
	-1
	-3
	-3
	-3
	3
	1
	-1
	-3

	24
	27
	-3
	3
	-1
	-3
	-1
	-1
	-1
	3
	-1
	-1
	3
	-3
	-1
	3
	-3
	3
	-3
	-1
	3
	1
	1
	-1
	-3
	-3

	25
	28
	-3
	1
	-1
	-3
	-3
	-1
	1
	-3
	-1
	-3
	1
	1
	-1
	1
	1
	3
	3
	3
	-1
	1
	-1
	1
	-1
	-3

	26
	29
	-1
	3
	-1
	-1
	3
	3
	-1
	-1
	-1
	3
	-1
	-3
	1
	3
	1
	1
	-3
	-3
	-3
	-1
	-3
	-1
	-3
	-3

	27
	9
	3
	-3
	-3
	-1
	3
	3
	-3
	-1
	3
	1
	1
	1
	3
	-1
	3
	-3
	-1
	3
	-1
	3
	1
	-1
	-3
	-3

	28
	18
	-3
	1
	-3
	1
	-3
	1
	1
	3
	1
	-3
	-3
	-1
	1
	3
	-1
	-3
	3
	1
	-1
	-3
	-3
	-3
	-3
	-3

	29
	25
	3
	-3
	-1
	1
	3
	-1
	-1
	-3
	-1
	3
	-1
	-3
	-1
	-3
	3
	-1
	3
	1
	1
	-3
	3
	-3
	-3
	-3



Evaluation result for re-ordering of length-12&18&24 CGS:


THEOREM 1: A cyclic shift of ZC sequence in frequency domain is equivalent to a cyclic shift of ZC sequence in time domain multiply by a constant, where.
PROOF: 
	Case 1: N is odd number


For two sequences with different lengths, if the long sequence is ZC sequence, the short sequence may overlap with ZC sequence in different part, as shown in [2]. According to theorem 1, different frequency domain parts of ZC sequence is cyclic shifts of a same time domain sequence multiply by a constant. And all cyclic shifts is considered in cross-correlation calculation. So, the cross-correlation evaluation result is same for all possible overlap scenarios when long sequence is ZC sequence.
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evaluation result for re-ordering of length-12&18&24 CGS.xlsx
length-12

		number of sequences pair with cross-correlation higher than 0.8 before re-ordering														number of sequences pair with cross-correlation higher than 0.8 after re-ordering

						length-12		Max.corr.												length-12		Max.corr.

				length-18 part1		10		0.88924										length-18 part 1		5		0.83577

				length-18 part2		8		0.89328										length-18 part 2		5		0.89328

				length-24 part1		5		0.85498										length-24 part 1		4		0.85498

				length-24 part2		3		0.85236										length-24 part 2		2		0.83725

				length-36		9		0.87204										length-36		1		0.831

				length-48		7		0.86768										length-48		1		0.81069

				length-54		9		0.86879										length-54		1		0.85896

				length-60		10		0.89221										length-60		1		0.80339

				length-72 v=0		9		0.87489										length-72 v=0		1		0.80735

				length-90 v=0		10		0.8782										length-90 v=0		0		0.79485

				length-96 v=0		10		0.8782										length-96 v=0		0		0.79485

				length-108 v=0		8		0.88043										length-108 v=0		1		0.86776

				length-120 v=0		8		0.86249										length-120 v=0		1		0.82395

				length-144 v=0		9		0.88606										length-144 v=0		1		0.86726

				length-150 v=0		8		0.86691										length-150 v=0		1		0.86295

				length-162 v=0		11		0.88631										length-162 v=0		1		0.84564

				length-180 v=0		8		0.88434										length-180 v=0		1		0.85232

				length-192 v=0		9		0.87587										length-192 v=0		1		0.85994

				length-216 v=0		8		0.86592										length-216 v=0		1		0.85425

				length-240 v=0		10		0.871										length-240 v=0		1		0.83779

				length-270 v=0		11		0.86679										length-270 v=0		1		0.83268

				length-288 v=0		9		0.86973										length-288 v=0		1		0.84745

				length-300 v=0		8		0.87539										length-300 v=0		1		0.84543

				length-324 v=0		11		0.86356										length-324 v=0		1		0.81816

				length-360 v=0		10		0.87299										length-360 v=0		1		0.82207

				length-384 v=0		11		0.87942										length-384 v=0		1		0.8333

				length-432 v=0		10		0.87648										length-432 v=0		1		0.82268

				length-450 v=0		9		0.87726										length-450 v=0		1		0.84333

				length-480 v=0		8		0.87408										length-480 v=0		1		0.84007

				length-486 v=0		8		0.87408										length-486 v=0		1		0.84007

				length-540 v=0		11		0.87301										length-540 v=0		1		0.82177

				length-576 v=0		9		0.87119										length-576 v=0		1		0.83661

				length-600 v=0		9		0.87474										length-600 v=0		1		0.83031

				length-648 v=0		11		0.87287										length-648 v=0		1		0.82363

				length-720 v=0		11		0.87511										length-720 v=0		1		0.82381

				length-750 v=0		8		0.86993										length-750 v=0		1		0.82951

				length-768 v=0		11		0.87033										length-768 v=0		1		0.82509

				length-810 v=0		9		0.86938										length-810 v=0		1		0.8354

				length-864 v=0		9		0.87087										length-864 v=0		1		0.82407

				length-900 v=0		9		0.874										length-900 v=0		1		0.82893

				length-960 v=0		11		0.87308										length-960 v=0		1		0.83412

				length-972 v=0		9		0.87348										length-972 v=0		1		0.83051

				length-1080 v=0		9		0.87427										length-1080 v=0		1		0.83618

				length-1152 v=0		9		0.87143										length-1152 v=0		1		0.83518

				length-1200 v=0		9		0.87398										length-1200 v=0		1		0.83559

				length-1296 v=0		9		0.86953										length-1296 v=0		1		0.83035

				length-1350 v=0		11		0.87297										length-1350 v=0		1		0.83206

				length-1440 v=0		9		0.87173										length-1440 v=0		1		0.83344

				length-1458 v=0		11		0.87245										length-1458 v=0		1		0.82788

				length-1500 v=0		11		0.87396										length-1500 v=0		1		0.83163

				length-1536 v=0		11		0.8705										length-1536 v=0		1		0.83249

				length-1620 v=0		11		0.87014										length-1620 v=0		1		0.82872

				length-1728 v=0		11		0.87228										length-1728 v=0		1		0.82929

				length-1800 v=0		11		0.87192										length-1800 v=0		1		0.83203

				length-1920 v=0		11		0.87193										length-1920 v=0		1		0.83197

				length-1944 v=0		11		0.87334										length-1944 v=0		1		0.83149

				length-2160 v=0		9		0.8725										length-2160 v=0		1		0.83326

				length-2304 v=0		9		0.87095										length-2304 v=0		1		0.83277

				length-2400 v=0		11		0.87112										length-2400 v=0		1		0.83197

				length-2592 v=0		11		0.87221										length-2592 v=0		1		0.82984

				length-2700 v=0		11		0.87294										length-2700 v=0		1		0.83203

				length-2880 v=0		11		0.87226										length-2880 v=0		1		0.82947

				length-2916 v=0		9		0.87173										length-2916 v=0		1		0.82911

				length-3000 v=0		11		0.87244										length-3000 v=0		1		0.83208

				length-3072 v=0		9		0.87089										length-3072 v=0		1		0.83022

				length-3240 v=0		9		0.8723										length-3240 v=0		1		0.83307

				length-72 v=1		6		0.91759										length-72 v=1		3		0.91759

				length-90 v=1		5		0.89697										length-90 v=1		4		0.89697

				length-96 v=1		5		0.89697										length-96 v=1		4		0.89697

				length-108 v=1		6		0.86255										length-108 v=1		0		0.79048

				length-120 v=1		11		0.90508										length-120 v=1		3		0.90508

				length-144 v=1		8		0.86628										length-144 v=1		1		0.80143

				length-150 v=1		9		0.89076										length-150 v=1		1		0.80195

				length-162 v=1		9		0.86869										length-162 v=1		1		0.80104

				length-180 v=1		12		0.86764										length-180 v=1		2		0.80241

				length-192 v=1		10		0.86038										length-192 v=1		0		0.79781

				length-216 v=1		9		0.88722										length-216 v=1		0		0.79804

				length-240 v=1		7		0.89002										length-240 v=1		0		0.7975

				length-270 v=1		7		0.88602										length-270 v=1		0		0.79737

				length-288 v=1		11		0.88754										length-288 v=1		1		0.8024

				length-300 v=1		10		0.85026										length-300 v=1		1		0.80196

				length-324 v=1		7		0.88221										length-324 v=1		1		0.85582

				length-360 v=1		9		0.85491										length-360 v=1		1		0.85491

				length-384 v=1		6		0.8677										length-384 v=1		0		0.79857

				length-432 v=1		9		0.86608										length-432 v=1		1		0.85031

				length-450 v=1		10		0.86661										length-450 v=1		1		0.81534

				length-480 v=1		11		0.85922										length-480 v=1		1		0.81366

				length-486 v=1		11		0.85922										length-486 v=1		1		0.81366

				length-540 v=1		8		0.85942										length-540 v=1		1		0.84508

				length-576 v=1		10		0.88123										length-576 v=1		1		0.81419

				length-600 v=1		11		0.86457										length-600 v=1		1		0.85005

				length-648 v=1		8		0.86199										length-648 v=1		1		0.84261

				length-720 v=1		9		0.86583										length-720 v=1		1		0.84069

				length-750 v=1		11		0.87808										length-750 v=1		1		0.84547

				length-768 v=1		8		0.87824										length-768 v=1		1		0.84127

				length-810 v=1		10		0.87711										length-810 v=1		1		0.81976

				length-864 v=1		9		0.87797										length-864 v=1		1		0.83851

				length-900 v=1		10		0.86653										length-900 v=1		1		0.84259

				length-960 v=1		8		0.86622										length-960 v=1		1		0.82071

				length-972 v=1		11		0.86675										length-972 v=1		1		0.84322

				length-1080 v=1		10		0.86801										length-1080 v=1		1		0.8246

				length-1152 v=1		11		0.87675										length-1152 v=1		1		0.82439

				length-1200 v=1		10		0.86853										length-1200 v=1		1		0.82516

				length-1296 v=1		11		0.87454										length-1296 v=1		1		0.83991

				length-1350 v=1		8		0.86781										length-1350 v=1		1		0.82242

				length-1440 v=1		10		0.87575										length-1440 v=1		1		0.82457

				length-1458 v=1		8		0.86754										length-1458 v=1		1		0.83617

				length-1500 v=1		8		0.86971										length-1500 v=1		1		0.82331

				length-1536 v=1		9		0.87494										length-1536 v=1		1		0.82422

				length-1620 v=1		8		0.87424										length-1620 v=1		1		0.83612

				length-1728 v=1		9		0.86828										length-1728 v=1		1		0.8363

				length-1800 v=1		9		0.87534										length-1800 v=1		1		0.82488

				length-1920 v=1		9		0.87517										length-1920 v=1		1		0.8252

				length-1944 v=1		8		0.87011										length-1944 v=1		1		0.82491

				length-2160 v=1		11		0.86944										length-2160 v=1		1		0.82744

				length-2304 v=1		11		0.87373										length-2304 v=1		1		0.82731

				length-2400 v=1		9		0.87374										length-2400 v=1		1		0.82675

				length-2592 v=1		9		0.86962										length-2592 v=1		1		0.83467

				length-2700 v=1		9		0.87036										length-2700 v=1		1		0.82745

				length-2880 v=1		8		0.86988										length-2880 v=1		1		0.83384

				length-2916 v=1		9		0.87377										length-2916 v=1		1		0.83341

				length-3000 v=1		9		0.8701										length-3000 v=1		1		0.82798

				length-3072 v=1		10		0.87299										length-3072 v=1		1		0.83441

				length-3240 v=1		11		0.87009										length-3240 v=1		1		0.82918





length-18

		number of sequences pair with cross-correlation higher than 0.7 before re-ordering														number of sequences pair with cross-correlation higher than 0.7 after re-ordering

						length-18		max.corr.												length-18		max.corr.

				length-24 part1		5		0.73948										length-24 part1		1		0.71152

				length-24 part2		3		0.7412										length-24 part2		3		0.7412

				length-36		7		0.73264										length-36		0		0.69348

				length-48		3		0.85966										length-48		0		0.69776

				length-54		4		0.74311										length-54		1		0.70988

				length-60		6		0.74772										length-60		1		0.70148

				length-72 v=0		5		0.76505										length-72 v=0		0		0.66153

				length-90 v=0		1		0.74463										length-90 v=0		0		0.68376

				length-96 v=0		1		0.74463										length-96 v=0		0		0.68376

				length-108 v=0		3		0.73581										length-108 v=0		0		0.69014

				length-120 v=0		7		0.80441										length-120 v=0		1		0.70333

				length-144 v=0		6		0.73288										length-144 v=0		0		0.69286

				length-150 v=0		6		0.75419										length-150 v=0		0		0.68799

				length-162 v=0		4		0.7358										length-162 v=0		0		0.69544

				length-180 v=0		3		0.74106										length-180 v=0		0		0.68245

				length-192 v=0		4		0.72918										length-192 v=0		0		0.69569

				length-216 v=0		7		0.73395										length-216 v=0		0		0.68972

				length-240 v=0		5		0.73664										length-240 v=0		0		0.69546

				length-270 v=0		6		0.73514										length-270 v=0		0		0.69584

				length-288 v=0		6		0.73566										length-288 v=0		0		0.69551

				length-300 v=0		3		0.73465										length-300 v=0		0		0.69238

				length-324 v=0		7		0.73368										length-324 v=0		0		0.69571

				length-360 v=0		5		0.73572										length-360 v=0		0		0.69481

				length-384 v=0		5		0.73579										length-384 v=0		0		0.69081

				length-432 v=0		6		0.73511										length-432 v=0		0		0.69206

				length-450 v=0		7		0.72782										length-450 v=0		0		0.69341

				length-480 v=0		5		0.73396										length-480 v=0		0		0.69292

				length-486 v=0		5		0.73396										length-486 v=0		0		0.69292

				length-540 v=0		5		0.72821										length-540 v=0		0		0.69179

				length-576 v=0		6		0.72673										length-576 v=0		0		0.69267

				length-600 v=0		6		0.7306										length-600 v=0		0		0.69191

				length-648 v=0		5		0.72922										length-648 v=0		0		0.69225

				length-720 v=0		6		0.73524										length-720 v=0		0		0.69485

				length-750 v=0		5		0.73493										length-750 v=0		0		0.69336

				length-768 v=0		7		0.73166										length-768 v=0		0		0.69398

				length-810 v=0		6		0.73062										length-810 v=0		0		0.69429

				length-864 v=0		7		0.73309										length-864 v=0		0		0.6923

				length-900 v=0		5		0.73288										length-900 v=0		0		0.69435

				length-960 v=0		6		0.73431										length-960 v=0		0		0.69482

				length-972 v=0		6		0.73143										length-972 v=0		0		0.69231

				length-1080 v=0		7		0.73077										length-1080 v=0		0		0.69348

				length-1152 v=0		6		0.73397										length-1152 v=0		0		0.69423

				length-1200 v=0		7		0.73098										length-1200 v=0		0		0.69348

				length-1296 v=0		6		0.7307										length-1296 v=0		0		0.69423

				length-1350 v=0		7		0.7306										length-1350 v=0		0		0.69374

				length-1440 v=0		6		0.73064										length-1440 v=0		0		0.69325

				length-1458 v=0		6		0.73121										length-1458 v=0		0		0.69292

				length-1500 v=0		6		0.73393										length-1500 v=0		0		0.69292

				length-1536 v=0		7		0.73246										length-1536 v=0		0		0.69305

				length-1620 v=0		6		0.7329										length-1620 v=0		0		0.69441

				length-1728 v=0		7		0.73394										length-1728 v=0		0		0.69391

				length-1800 v=0		5		0.7319										length-1800 v=0		0		0.69427

				length-1920 v=0		5		0.73193										length-1920 v=0		0		0.6942

				length-1944 v=0		6		0.73366										length-1944 v=0		0		0.69303

				length-2160 v=0		7		0.73299										length-2160 v=0		0		0.69346

				length-2304 v=0		7		0.73195										length-2304 v=0		0		0.69388

				length-2400 v=0		7		0.73253										length-2400 v=0		0		0.69333

				length-2592 v=0		7		0.73347										length-2592 v=0		0		0.6938

				length-2700 v=0		6		0.73298										length-2700 v=0		0		0.69373

				length-2880 v=0		6		0.73195										length-2880 v=0		0		0.69335

				length-2916 v=0		7		0.73286										length-2916 v=0		0		0.69326

				length-3000 v=0		7		0.7331										length-3000 v=0		0		0.69399

				length-3072 v=0		7		0.73214										length-3072 v=0		0		0.69347

				length-3240 v=0		6		0.73238										length-3240 v=0		0		0.69393

				length-72 v=1		5		0.82783										length-72 v=1		1		0.71281

				length-90 v=1		6		0.85872										length-90 v=1		1		0.7131

				length-96 v=1		6		0.85872										length-96 v=1		1		0.7131

				length-108 v=1		7		0.85751										length-108 v=1		1		0.71037

				length-120 v=1		4		0.78607										length-120 v=1		1		0.70824

				length-144 v=1		2		0.80731										length-144 v=1		1		0.70723

				length-150 v=1		3		0.7218										length-150 v=1		1		0.70545

				length-162 v=1		7		0.78905										length-162 v=1		1		0.70791

				length-180 v=1		6		0.77858										length-180 v=1		0		0.69862

				length-192 v=1		8		0.81044										length-192 v=1		2		0.70973

				length-216 v=1		3		0.73136										length-216 v=1		1		0.70211

				length-240 v=1		4		0.74032										length-240 v=1		0		0.68204

				length-270 v=1		4		0.73998										length-270 v=1		0		0.69567

				length-288 v=1		4		0.74229										length-288 v=1		1		0.70294

				length-300 v=1		5		0.76801										length-300 v=1		0		0.69419

				length-324 v=1		2		0.73178										length-324 v=1		0		0.69728

				length-360 v=1		5		0.76077										length-360 v=1		0		0.69531

				length-384 v=1		6		0.73624										length-384 v=1		0		0.69552

				length-432 v=1		4		0.72913										length-432 v=1		0		0.69549

				length-450 v=1		4		0.73529										length-450 v=1		0		0.69494

				length-480 v=1		7		0.73487										length-480 v=1		0		0.69544

				length-486 v=1		7		0.73487										length-486 v=1		0		0.69544

				length-540 v=1		7		0.73555										length-540 v=1		0		0.69569

				length-576 v=1		5		0.73566										length-576 v=1		0		0.69581

				length-600 v=1		4		0.73559										length-600 v=1		0		0.69563

				length-648 v=1		7		0.73578										length-648 v=1		0		0.69578

				length-720 v=1		7		0.72945										length-720 v=1		0		0.69161

				length-750 v=1		6		0.72684										length-750 v=1		0		0.69574

				length-768 v=1		5		0.73568										length-768 v=1		0		0.68869

				length-810 v=1		6		0.73543										length-810 v=1		0		0.69138

				length-864 v=1		4		0.73064										length-864 v=1		0		0.69542

				length-900 v=1		7		0.72747										length-900 v=1		0		0.69188

				length-960 v=1		6		0.72766										length-960 v=1		0		0.69164

				length-972 v=1		6		0.7356										length-972 v=1		0		0.69517

				length-1080 v=1		5		0.73524										length-1080 v=1		0		0.69548

				length-1152 v=1		5		0.72853										length-1152 v=1		0		0.69124

				length-1200 v=1		5		0.73509										length-1200 v=1		0		0.69544

				length-1296 v=1		6		0.7347										length-1296 v=1		0		0.69163

				length-1350 v=1		5		0.73466										length-1350 v=1		0		0.69193

				length-1440 v=1		5		0.73437										length-1440 v=1		0		0.69506

				length-1458 v=1		6		0.7347										length-1458 v=1		0		0.69482

				length-1500 v=1		6		0.72992										length-1500 v=1		0		0.69484

				length-1536 v=1		5		0.73521										length-1536 v=1		0		0.69482

				length-1620 v=1		5		0.72864										length-1620 v=1		0		0.69231

				length-1728 v=1		6		0.73062										length-1728 v=1		0		0.69184

				length-1800 v=1		6		0.73463										length-1800 v=1		0		0.69242

				length-1920 v=1		6		0.73451										length-1920 v=1		0		0.69256

				length-1944 v=1		6		0.73063										length-1944 v=1		0		0.69449

				length-2160 v=1		6		0.72997										length-2160 v=1		0		0.69474

				length-2304 v=1		6		0.73397										length-2304 v=1		0		0.69232

				length-2400 v=1		5		0.7345										length-2400 v=1		0		0.69444

				length-2592 v=1		6		0.73131										length-2592 v=1		0		0.69242

				length-2700 v=1		7		0.73065										length-2700 v=1		0		0.69243

				length-2880 v=1		6		0.73385										length-2880 v=1		0		0.69436

				length-2916 v=1		5		0.73066										length-2916 v=1		0		0.69427

				length-3000 v=1		6		0.73128										length-3000 v=1		0		0.69292

				length-3072 v=1		5		0.73396										length-3072 v=1		0		0.69442

				length-3240 v=1		7		0.73397										length-3240 v=1		0		0.69291
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length-24

		number of sequences pair with cross-correlation higher than 0.6 before re-ordering														number of sequences pair with cross-correlation higher than 0.6 after re-ordering

						length-24		max.corr.												length-24		max.corr.

				length-36		6		0.69508										length-36		1		0.67901

				length-48		0		0.59633										length-48		0		0.59633

				length-54		5		0.69625										length-54		5		0.69625

				length-60		5		0.66138										length-60		2		0.64533

				length-72 v=0		6		0.72927										length-72 v=0		1		0.61212

				length-90 v=0		5		0.69144										length-90 v=0		1		0.68089

				length-96 v=0		5		0.69144										length-96 v=0		1		0.68089

				length-108 v=0		10		0.7306										length-108 v=0		4		0.64078

				length-120 v=0		9		0.65934										length-120 v=0		5		0.64258

				length-144 v=0		9		0.71973										length-144 v=0		2		0.67273

				length-150 v=0		5		0.69209										length-150 v=0		1		0.68112

				length-162 v=0		8		0.69485										length-162 v=0		1		0.67738

				length-180 v=0		8		0.66578										length-180 v=0		3		0.63918

				length-192 v=0		6		0.66744										length-192 v=0		1		0.66744

				length-216 v=0		5		0.69368										length-216 v=0		1		0.68098

				length-240 v=0		9		0.68132										length-240 v=0		3		0.65679

				length-270 v=0		6		0.69268										length-270 v=0		1		0.68093

				length-288 v=0		7		0.695										length-288 v=0		1		0.67712

				length-300 v=0		10		0.69177										length-300 v=0		4		0.67046

				length-324 v=0		6		0.68513										length-324 v=0		1		0.67909

				length-360 v=0		11		0.6914										length-360 v=0		3		0.66966

				length-384 v=0		8		0.69008										length-384 v=0		1		0.68076

				length-432 v=0		7		0.68843										length-432 v=0		3		0.66576

				length-450 v=0		7		0.69289										length-450 v=0		1		0.68109

				length-480 v=0		10		0.69411										length-480 v=0		3		0.67436

				length-486 v=0		10		0.69411										length-486 v=0		3		0.67436

				length-540 v=0		7		0.69499										length-540 v=0		1		0.67978

				length-576 v=0		6		0.69331										length-576 v=0		1		0.68088

				length-600 v=0		8		0.69498										length-600 v=0		2		0.6766

				length-648 v=0		6		0.69503										length-648 v=0		1		0.6796

				length-720 v=0		6		0.69524										length-720 v=0		1		0.67786

				length-750 v=0		9		0.69276										length-750 v=0		3		0.67223

				length-768 v=0		4		0.69453										length-768 v=0		1		0.6804

				length-810 v=0		5		0.69295										length-810 v=0		1		0.68112

				length-864 v=0		8		0.694										length-864 v=0		3		0.67421

				length-900 v=0		6		0.69462										length-900 v=0		1		0.68024

				length-960 v=0		6		0.69505										length-960 v=0		1		0.67983

				length-972 v=0		6		0.69521										length-972 v=0		1		0.6776

				length-1080 v=0		7		0.69474										length-1080 v=0		1		0.68034

				length-1152 v=0		6		0.69533										length-1152 v=0		1		0.67847

				length-1200 v=0		7		0.69462										length-1200 v=0		1		0.68023

				length-1296 v=0		5		0.69503										length-1296 v=0		1		0.67678

				length-1350 v=0		4		0.69425										length-1350 v=0		1		0.68069

				length-1440 v=0		5		0.69481										length-1440 v=0		1		0.6801

				length-1458 v=0		7		0.69527										length-1458 v=0		1		0.67922

				length-1500 v=0		7		0.69463										length-1500 v=0		1		0.68022

				length-1536 v=0		6		0.69521										length-1536 v=0		1		0.67798

				length-1620 v=0		6		0.69474										length-1620 v=0		1		0.68033

				length-1728 v=0		7		0.6952										length-1728 v=0		1		0.67759

				length-1800 v=0		6		0.69495										length-1800 v=0		1		0.67744

				length-1920 v=0		6		0.69508										length-1920 v=0		1		0.67753

				length-1944 v=0		7		0.69506										length-1944 v=0		1		0.67981

				length-2160 v=0		7		0.69505										length-2160 v=0		1		0.67824

				length-2304 v=0		6		0.69486										length-2304 v=0		1		0.68005

				length-2400 v=0		6		0.6952										length-2400 v=0		1		0.67841

				length-2592 v=0		6		0.69512										length-2592 v=0		1		0.67816

				length-2700 v=0		7		0.6952										length-2700 v=0		1		0.67888

				length-2880 v=0		7		0.69517										length-2880 v=0		1		0.67916

				length-2916 v=0		6		0.69526										length-2916 v=0		1		0.6777

				length-3000 v=0		6		0.69527										length-3000 v=0		1		0.67922

				length-3072 v=0		5		0.69507										length-3072 v=0		1		0.67909

				length-3240 v=0		7		0.69503										length-3240 v=0		1		0.67981

				length-72 v=1		5		0.70831										length-72 v=1		2		0.70831

				length-90 v=1		4		0.63										length-90 v=1		1		0.61264

				length-96 v=1		4		0.63										length-96 v=1		1		0.61264

				length-108 v=1		6		0.69298										length-108 v=1		3		0.69298

				length-120 v=1		8		0.72819										length-120 v=1		4		0.68012

				length-144 v=1		4		0.66245										length-144 v=1		3		0.66245

				length-150 v=1		5		0.73111										length-150 v=1		3		0.6045

				length-162 v=1		3		0.69791										length-162 v=1		2		0.69791

				length-180 v=1		8		0.73149										length-180 v=1		4		0.63937

				length-192 v=1		9		0.68036										length-192 v=1		6		0.68036

				length-216 v=1		6		0.72557										length-216 v=1		1		0.61558

				length-240 v=1		5		0.70732										length-240 v=1		2		0.65777

				length-270 v=1		10		0.69361										length-270 v=1		4		0.61672

				length-288 v=1		8		0.67652										length-288 v=1		3		0.64274

				length-300 v=1		6		0.66302										length-300 v=1		2		0.65893

				length-324 v=1		10		0.67169										length-324 v=1		5		0.64562

				length-360 v=1		5		0.67096										length-360 v=1		2		0.67096

				length-384 v=1		8		0.67567										length-384 v=1		3		0.65006

				length-432 v=1		7		0.68406										length-432 v=1		2		0.6787

				length-450 v=1		7		0.67823										length-450 v=1		3		0.65297

				length-480 v=1		5		0.67782										length-480 v=1		1		0.67569

				length-486 v=1		5		0.67782										length-486 v=1		1		0.67569

				length-540 v=1		9		0.6751										length-540 v=1		4		0.64946

				length-576 v=1		11		0.68573										length-576 v=1		3		0.6619

				length-600 v=1		6		0.68201										length-600 v=1		1		0.67778

				length-648 v=1		8		0.6823										length-648 v=1		3		0.65772

				length-720 v=1		4		0.68437										length-720 v=1		1		0.67869

				length-750 v=1		4		0.69186										length-750 v=1		1		0.681

				length-768 v=1		11		0.68902										length-768 v=1		3		0.66623

				length-810 v=1		8		0.69265										length-810 v=1		3		0.67174

				length-864 v=1		8		0.69203										length-864 v=1		1		0.68111

				length-900 v=1		11		0.69034										length-900 v=1		3		0.66808

				length-960 v=1		9		0.69027										length-960 v=1		3		0.66796

				length-972 v=1		6		0.68993										length-972 v=1		1		0.6808

				length-1080 v=1		6		0.6925										length-1080 v=1		3		0.67138

				length-1152 v=1		7		0.69062										length-1152 v=1		1		0.68074

				length-1200 v=1		6		0.69289										length-1200 v=1		3		0.67261

				length-1296 v=1		6		0.69306										length-1296 v=1		1		0.68101

				length-1350 v=1		9		0.69439										length-1350 v=1		2		0.67538

				length-1440 v=1		10		0.69393										length-1440 v=1		3		0.67417

				length-1458 v=1		8		0.69276										length-1458 v=1		3		0.67234

				length-1500 v=1		6		0.69417										length-1500 v=1		2		0.67473

				length-1536 v=1		5		0.69303										length-1536 v=1		1		0.68103

				length-1620 v=1		7		0.69456										length-1620 v=1		2		0.67547

				length-1728 v=1		4		0.69387										length-1728 v=1		1		0.68079

				length-1800 v=1		5		0.69428										length-1800 v=1		1		0.68072

				length-1920 v=1		5		0.69427										length-1920 v=1		1		0.6807

				length-1944 v=1		6		0.69467										length-1944 v=1		2		0.67582

				length-2160 v=1		4		0.69428										length-2160 v=1		1		0.68072

				length-2304 v=1		5		0.69503										length-2304 v=1		1		0.67696

				length-2400 v=1		5		0.69426										length-2400 v=1		1		0.6807

				length-2592 v=1		4		0.6947										length-2592 v=1		1		0.68029

				length-2700 v=1		4		0.69429										length-2700 v=1		1		0.68072

				length-2880 v=1		6		0.69462										length-2880 v=1		2		0.6762

				length-2916 v=1		6		0.69483										length-2916 v=1		1		0.68008

				length-3000 v=1		7		0.69481										length-3000 v=1		2		0.67652

				length-3072 v=1		8		0.69457										length-3072 v=1		2		0.67631

				length-3240 v=1		6		0.69513										length-3240 v=1		1		0.67756







evaluation of different comb

										cross-correlation between comb-1 and comb-2 sequence

		number of sequences pair with cross-correlation higher than 0.8 before re-ordering																				number of sequences pair with cross-correlation higher than 0.8 after re-ordering

		     comb-1
comb-2		length-24		length-36		length-48		length-60		length-72 
v=0		length-72
v=1		length-96
v=0		length-96
v=1				      comb-1
comb-2		length-24		length-36		length-48		length-60		length-72 
v=0		length-72
v=1		length-96
v=0		length-96
v=1

		length-12		14		9		9		5		10		8		8		9				length-12		14		9		9		5		10		8		8		9

		max.corr.		0.8578		0.8719		0.8707		0.8733		0.9175		0.8775		0.8769		0.89668				max.corr.		0.8578		0.8719		0.8707		0.8733		0.9175		0.8775		0.8769		0.89668





		number of sequences pair with cross-correlation higher than 0.7 before re-ordering																				number of sequences pair with cross-correlation higher than 0.7 after re-ordering

		     comb-1
comb-2		length-36		length-48		length-60		length-72 
v=0		length-72
v=1		length-96
v=0		length-96
v=1						     comb-1
comb-2		length-36		length-48		length-60		length-72 
v=0		length-72
v=1		length-96
v=0		length-96
v=1

		length-18		7		5		4		4		5		4		4						length-18		7		5		4		4		5		4		4

		max.corr.		0.7325		0.8595		0.7181		0.765		0.8279		0.8587		0.7185						max.corr.		0.7325		0.8595		0.7181		0.765		0.8279		0.8587		0.7185





		number of sequences pair with cross-correlation higher than 0.6 before re-ordering																				number of sequences pair with cross-correlation higher than 0.6 after re-ordering

		     comb-1
comb-2		length-48		length-60		length-72 
v=0		length-72
v=1		length-96
v=0		length-96
v=1								     comb-1
comb-2		length-48		length-60		length-72 
v=0		length-72
v=1		length-96
v=0		length-96
v=1

		length-24		3		2		7		8		5		4								length-24		3		2		7		8		5		4

		max.corr		0.649		0.6612		0.7084		0.7292		0.6595		0.6179								max.corr		0.649		0.6612		0.7084		0.7292		0.6595		0.6179



		conclusion: the proposed ordering won't introduce extra interference between comb-1 and comb-2 sequence
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