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Four sets of codes are presented. Two possibilities for Length 127 and two possibilities for length 31.

Length 127 set of 8, Option 1.

The first set of Length 127 codes assigns 2 codes per band and has worst case cross correlation of 8/64 between each pair in the band.

Length 127 set of 8, Option 2.

The second set of Length 127 codes also assigns 2 codes per band and has worst case cross correlation of 8/64 between each pair in the band. It has the added advantage that the worst case cross correlation between the codes in band 4 and the other codes is 8. This is a big advantage because there is no frequency isolation between band 4 and bands 1 to 3.
The second of these options doesn’t seem to have any disadvantages and is therefore recommended.

Length 31 set of 8, Option 1.

The first set of Length 31 codes assigns 2 codes per band and has worst case cross correlation of 4/16 between each pair in the band. The down side is that the cross-correlation between S1 and S7 is 9/16.
Length 31 set of 8, Option 2.

The first set of Length 31 codes assigns 2 codes per band and has worst case cross correlation of 4/16 between each pair in bands 1 to 3 and 6/16 in band 4. The worst case cross-correlation between band 4 and bands 1 to 3 is 6/16.

The second of these options is also recommended, because of the better worst case cross correlation. It also means that we have added two codes to out previous set of 6, without making the previous worst case cross correlation of 6 any worse.
Set of 8 codes for Length 127 preamble – Version of set of 8 provided by Ismail. Phase shifted to maximize merit factor.

Band 1 codes
S1 = −−+−0+0000+−−000+00−00++0+−0−0−+0++++0−+000+−0+00+0−−−0++−00−+00−0+0−0−+−−−−+000000+00000−+0000+0+000+−−+00−000−0++00+++0+0+00+

S2 = ++0000+000+00+−−0+−++0−000−−00+−0+00++000+++00+0+0−0−+−0−0+00+00+0++−−−−+00++−−+0+−0−−+000000−0−0000−+0−−00+00000+−++000−0−+0+0

Band 2 codes

S3 = −+−0000+00−−00000−0+0+0+−0+00+00+0−00−+++00+000−+0+0−0000+++++−+0+−−0+−0++−−0−000+0−+00+0+−−−−000−000000−+00+−0++000++−00++−0−0

S4 = +++0000++−−+000+0−−0++00+−000−+0+00++0+++++−+0−−+00+−−−0+00000+0−0−+−−00+00−000−0000+00+−+0+−0+0−0−00+0++−0−0+−000000+−00−0−000

Band 3 codes

S5 = −−0+000−00+−+−000−0−0000++00000+000000+++−++−0+0+0−00++00−++0+−−0−00+0++000+−0+++−0−+0−0−−0−−00+00+000+−+0000+0−++−−00+0+0+−−00

S6 = +000++0−0+0−00+−0−+0−00+0+0000+0+−0000++00+0+++++−+0−0+−0−−+0++−−000−−−0+000+0+0−+−000000+−+−0−−00++000−00+00++−00−−++−00−00000

Band 4 exclusive codes (Note: Band 4 may also use Band 1−3 codes)

S7 = +0000−0000−+0+00000−−++−0−+000000−0+0+−0−+++++−00+−0++0+0−0+000−00−00++00−+−−000−++0+++0+0++−+0−00+0−−00+0+00++−00−000+−000−0−−

S8 = −000−0−00000+−−0++0−00++−−0000+00−+0+−+0+000−000−+0−0−−00+−+00+−00+0++++0−0−00−0−0+0+++000−−+++0−++−+++00+00+0000−+000000−0+−0+

Coherent Cross Correlation Matrix
			Band 1

	Band 2

	Band 3

	Band 4


			S1

	S2

	S3

	S4

	S5

	S6

	S7

	S8


	Band 1

	S1

	64

	8

	12

	10

	13

	14

	8
	12


		S2

	8

	64

	12

	8

	8

	8

	8

	12


	Band 2

	S3

	12

	12

	64

	8

	12

	12

	8

	8


		S4

	10

	8

	8

	64

	8

	8

	12

	12


	Band 3

	S5

	13

	8

	12

	8

	64

	8

	12

	8


		S6

	14

	8

	12

	8

	8

	64

	12

	8


	Band 4

	S7

	8

	8

	8

	12

	12

	12

	64

	8


		S8

	12

	12

	8

	12

	8

	8

	8

	64



	
	
	
	
	
	
	
	
	


Non−Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	64
	8
	12
	8
	10
	12
	8
	8

	
	S2
	8
	64
	8
	8
	12
	12
	12
	8

	Band 2
	S3
	12
	8
	64
	8
	8
	8
	12
	12

	
	S4
	8
	8
	8
	64
	12
	8
	12
	8

	Band 3
	S5
	10
	12
	8
	12
	64
	8
	8
	12

	
	S6
	12
	12
	8
	8
	8
	64
	8
	12

	Band 4
	S7
	8
	12
	12
	12
	8
	8
	64
	8

	
	S8
	8
	8
	12
	8
	12
	12
	8
	64


Alternative Set of 8 codes for Length 127 preamble. Maximum coherent cross correlation from band 4 to any other band is now 8 .
Band 1 codes
S1 = −0−+++00−−+0−+−−+−−0−+00−0+−000−−00++0−+0+000+−+−+0000+++000−0+00−+000000++0−0+−−0+00−0−0+0++0+++00+0000−000+00−00−−++0+0+00000

S2 = +−−000−0−0000+−00000+000000+−−+−++0−0+0+00+−00+++0−++0−00+0−+000++0+++−0−−0+0+−0−−00−00+000−++0000+0++−+−00+0+0+−−00−−0−000+00+

Band 2 codes
S3 = −0−++00−++000++0−+00+−000000−000−−−−+0+00+−0+000−0−−++0−+0−−+0+−+++++0000−0+0+−000+00+++−00−0+00+00+0−+0+0+0−00000−−00+0000−+−0

S4 = 0−+0+−−−000000−+−0−0+000+0++−000−−−+0++−0−−0+0−+−−+++0+00++0000++0+0000−0+00+0+−0++00+0−0−0−−000+00000+00−++−−00+−+00+00+000−+0

Band 3 codes
S5 = −00−+−+0000−00+−0−−+0+000−000++0+0+−00+++00−−00−0−−++0−0+00−0+0−0−−+000−+−−+0−−+−+++00+00+0000−+000000+0+−0++000+0−00000+++0++0

S6 = 0++00+00000−−++000+0++0+0++0000−000−00−+−0+++−0−000−+00++0+00−+000+++00−0−0+0+−−0−0+00−00+0−−++−−+00+−+−+0−−0−−+000000−0+0000−+

Band 4 exclusive codes (Note: Band 4 may also use Band 1−3 codes)
S7 = −−+00000+0−−0000−0000+−−0−000−+000+00−++00+0+00++0−00−0++++0−0++−0−+−000++−+00+−00−00−000+0+0+0++0+−00++−+−−−0+−0+0−000000++0+−

S8 = −−0+++0000+++−−−−000+++0+−000+0+00+0+−++−0−0−0−0000+0−+0+−++00+−−00+0−0++00−+00000+−0−+0−0+−+0−000−−00−000−000000+00+00+−0+00++
Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	64
	8
	12
	12
	8
	8
	8
	8

	
	S2
	8
	64
	8
	20
	22
	22
	8
	8

	Band 2
	S3
	12
	8
	64
	8
	22
	12
	8
	8

	
	S4
	12
	20
	8
	64
	20
	20
	8
	8

	Band 3
	S5
	8
	22
	22
	20
	64
	8
	8
	8

	
	S6
	8
	22
	12
	20
	8
	64
	8
	8

	Band 4
	S7
	8
	8
	8
	8
	8
	8
	64
	8

	
	S8
	8
	8
	8
	8
	8
	8
	8
	64


Non−Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	64
	8
	8
	8
	8
	12
	12
	12

	
	S2
	8
	64
	12
	12
	12
	12
	8
	8

	Band 2
	S3
	8
	12
	64
	8
	8
	8
	12
	12

	
	S4
	8
	12
	8
	64
	8
	8
	8
	12

	Band 3
	S5
	8
	12
	8
	8
	64
	8
	12
	12

	
	S6
	12
	12
	8
	8
	8
	64
	8
	8

	Band 4
	S7
	12
	8
	12
	8
	12
	8
	64
	8

	
	S8
	12
	8
	12
	12
	12
	8
	8
	64


Set of 8 codes for Length 31 preamble
Band 1 codes

S1 = +−00+−0−−−++0+000+00+0+0−+0000+ 
S2 = 0000−0++0−0+000+−+0++++−00−00−+

Band 2 codes

S3 = 0000+−00−00−++++0+−+000+0−0++0−   Was S3
S4 = −0+−00+++−+000−+0+++0−0+0000−00   Was S4
Band 3 codes

S5 = 0+00−0−0++0000−−+00−+0++−++0+00   Was S6
S6 = ++00+00−−−+−0++−000+0+0−+0+0000 
Band 4 exclusive codes (Note: Band 4 may also use Band 1−3 codes)
S7 = +0000+−0+0+00+000+0++−−−0−+00−+   Was S2
S8 = −+0++000−+−++00++0+00−0000−0+0−   Was S1
Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	0
	4
	6
	6
	4
	4
	9
	6

	
	S2
	4
	0
	9
	6
	6
	6
	6
	6

	Band 2
	*S3*
	6
	9
	0
	4
	6
	4
	4
	4

	
	S4
	6
	6
	4
	0
	6
	4
	6
	6

	Band 3
	S5
	4
	6
	6
	6
	0
	4
	6
	4

	
	S6
	4
	6
	4
	4
	4
	0
	6
	6

	Band 4
	S7
	9
	6
	4
	6
	6
	6
	0
	4

	
	S8
	6
	6
	4
	6
	4
	6
	4
	0


** Note : S3 is best 3rd choice code for Band 4.

Non−Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	0
	4
	4
	4
	16
	4
	6
	4

	
	S2
	4
	0
	6
	4
	4
	6
	4
	4

	Band 2
	S3
	4
	6
	0
	4
	4
	16
	4
	4

	
	S4
	4
	4
	4
	0
	4
	4
	4
	6

	Band 3
	S5
	16
	4
	4
	4
	0
	4
	6
	4

	
	S6
	4
	6
	16
	4
	4
	0
	4
	4

	Band 4
	S7
	6
	4
	4
	4
	6
	4
	0
	4

	
	S8
	4
	4
	4
	6
	4
	4
	4
	0


Set of 8 codes for Length 31 preamble

Band 1 codes

−0000+0−0+++0+−000+−+++00−+0−00 
0+0+−0+0+000−++0−+−−−00+00++000   (was S5 previously)
Band 2 codes

−+0++000−+−++00++0+00−0000−0+0−   (was S1 previously)
0000+−00−00−++++0+−+000+0−0++0−   (was S3 previously)
Band 3 codes

−0+−00+++−+000−+0+++0−0+0000−00   (was S4 previously)
++00+00−−−+−0++−000+0+0−+0+0000

Band 4 exclusive codes (Note: Band 4 may also use Band 1−3 codes)
+0000+−0+0+00+000+0++−−−0−+00−+   (was S2 previously)
0+00−0−0++0000−−+00−+0++−++0+00   (was S6 previously)
Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	0
	4
	4
	6
	11
	6
	6
	4

	
	S2
	4
	0
	6
	6
	6
	11
	4
	6

	Band 2
	*S3*
	4
	6
	0
	4
	6
	6
	4
	4

	
	S4
	6
	6
	4
	0
	4
	4
	4
	6

	Band 3
	S5
	11
	6
	6
	4
	0
	4
	6
	6

	
	S6
	6
	11
	6
	4
	4
	0
	6
	4

	Band 4
	S7
	6
	4
	4
	4
	6
	6
	0
	6

	
	S8
	4
	6
	4
	6
	6
	4
	6
	0


** Note : S3 is best 2nd choice code for Band 4.

Non−Coherent Cross Correlation Matrix

	
	
	Band 1
	Band 2
	Band 3
	Band 4

	
	
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	Band 1
	S1
	0
	4
	16
	4
	6
	4
	4
	4

	
	S2
	4
	0
	4
	6
	4
	6
	4
	4

	Band 2
	S3
	16
	4
	0
	4
	6
	4
	4
	4

	
	S4
	4
	6
	4
	0
	4
	16
	4
	4

	Band 3
	S5
	6
	4
	6
	4
	0
	4
	4
	4

	
	S6
	4
	6
	4
	16
	4
	0
	4
	4

	Band 4
	S7
	4
	4
	4
	4
	4
	4
	0
	6

	
	S8
	4
	4
	4
	4
	4
	4
	6
	0
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