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1 Introduction
It was decided that extension of ZC sequences for 3RB or more RB allocations, and the number of group is at least 30 in RAN1#50 [1]. Thus, there are no adequate sequences to support sequence hopping within the group for sequence length <5RB. One simple solution is to have only a single sequence for each sequence length, implying sequence hopping is not possible. This document will give the grouping method of only a single sequence for each length. 
The issue of cross-correlations between sequences of the same or different lengths has been discussed in [2][3], and we also have proposed large cross-correlation sequences grouping scheme in [4][5]. In this document, we modify the grouping method a little, to generate one single sequence for each length per group, which gather the sequences with maximal cross-correlation into a group, implying lower cross-correlation between groups. 
2 Grouping for ZC sequence
2.1 Grouping method
As proposed in [3][5][6], the base sequences with large cross-correlation are preferred to be assembled into the same group, in order to avoid large cross-correlation or high inter-cell interference when the two cells /eNBs  use different sequence groups. And the method proposed in [5] needs a few modifications to get only sequence with largest cross-correlation per length.
ZC sequence ZC (N, r) is generated by:
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where r is the sequence index,  N is the sequence length, q is an integer 
Generally, the two sequences ZC (
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is one of variables. What we proposed cross-correlation grouping scheme is to assemble the sequences which give small value of 
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 into the same group, to achieve low cross-correlation between two groups.
The proposed grouping method for ZC sequence is as follows: 
For the group k,

1. Let 
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 is the referenced sequence length, and ZC(
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2. For another length
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 into the group k, where the operation
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. In order to achieve the largest cross-correlation between two sequences, different 
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 is defined for different group or length.
The method can be applied for both prime-length ZC sequence and cyclic-extended ZC sequence.
2.2 Grouping example 
Based on the above method, and take all the available RB sizes and ZC length in 5MHz bandwidth [7] as an example, we can get a group table, which contains only one sequence for each length per group. The full table can be found in appendix with the value of
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. In this example, we take 31 as the referenced length, which results in 30 groups. 
To illustrate the property of cross-correlation between two groups generated by the proposed grouping method, we calculate the peak cross-correlation values of two different lengths base sequences from different groups. And for comparison, we also evaluate a simple grouping scheme which does not care about the cross-correlation property. Without losing generality, the sequences of each length are allocated to each group randomly. The group table is also in the appendix
The desired sequence lengths are 31 and 47 respectively. The peak cross-correlations of two lengths are searched between ZC (31, 1) in group 1 and ZC(47, 3), ZC (59,4), …, ZC(293,19) of group 2, and ZC(47, 28), ZC (59,45), …, ZC(293,28) of group 3, and so on. The extension to the sequence is done before calculation.
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	Figure 1 cross-correlation between group 1 and other groups, desired sequence length=31
	Figure 2 cross-correlation between group 1 and other groups, desired sequence length=47


The results confirm that, the proposed grouping scheme outperforms much than the grouping scheme without cross-correlation consideration. The peak cross-correlation values are less than 0.45 for the desired sequence length=31 and 47 as shown in the figures, however, the random grouping scheme can not avoid producing larger cross-correlation than 0.9.  Obviously, the proposed grouping scheme above can benefit interference mitigation due to no large cross-correlation between groups. 
As for the 1RB and 2RB cases, since computer generated (CG) sequences are applied instead of ZC sequences, it seems no regulation of cross-correlation between CG and ZC sequences, thus, randomization, e.g. to make the CG’s index indicated by the group id in a predefined random way, can be feasible.
3 Conclusion 
It is concluded that large cross-correlation grouping scheme with group hopping should be adopted to mitigate interference. The detailed grouping method is presented in the document, which have only one single sequence for each length per group and give low cross-correlation between groups. 
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proposed grouping

				Group#

		Seq index				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

		RB size		ZC length

		3		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

		4		47		25		3		28		6		31		9		42		12		45		15		1		18		4		21		7		40		26		43		29		46		32		2		35		5		38		16		41		19		44		22

		5		59		2		4		45		37		39		41		33		15		17		19		21		23		5		7		58		1		52		54		36		38		40		42		44		26		18		20		22		14		55		57

		6		71		26		40		7		9		47		61		16		42		56		23		25		63		30		32		70		1		39		41		8		46		48		15		29		55		10		24		62		64		31		45

		8		89		3		6		53		56		59		17		20		23		26		29		76		79		82		40		43		46		49		7		10		13		60		63		66		69		72		30		33		36		83		86

		9		107		57		7		64		14		17		21		24		81		31		88		38		95		45		48		52		55		59		62		12		69		19		76		26		83		86		90		93		43		100		50

		10		113		60		7		11		71		18		22		82		29		33		93		40		44		104		51		55		58		62		9		69		73		20		80		84		31		91		95		42		102		106		53

		12		139		74		9		83		18		92		27		31		36		40		45		49		54		58		63		67		72		76		81		85		90		94		99		103		108		112		47		121		56		130		65

		15		179		6		12		17		23		29		35		40		46		52		58		153		69		75		81		87		92		98		104		110		26		121		127		133		139		144		150		156		162		167		173

		16		191		6		12		18		25		31		37		43		49		55		62		68		74		80		86		92		99		105		111		117		123		129		136		142		148		154		160		166		173		179		185

		18		211		7		14		20		27		34		41		48		54		61		68		75		82		88		95		102		109		116		123		129		136		143		150		157		163		170		177		184		191		197		204

		20		239		8		15		23		31		39		46		54		62		69		77		85		93		100		108		116		123		131		139		146		154		162		170		177		185		193		200		208		216		224		231

		24		283		9		18		27		37		46		55		64		73		82		91		100		110		119		128		137		146		155		164		173		183		192		201		210		219		228		237		246		256		265		274

		25		293		9		19		28		38		47		57		66		76		85		95		104		113		123		132		142		151		161		170		180		189		198		208		217		227		236		246		255		265		274		284





m_k_i

				Group#

		m_k_i				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

		RB size		ZC length

		4		47		1/2		1		1/2		1		1/2		1		1/3		1		1/3		1		1/3		1		1/3		1		1/3		1/3		1		1/3		1		1/3		1		1/3		1		1/3		1		1/2		1		1/2		1		1/2

		5		59		1		1		1/3		1/2		1/2		1/2		1/3		1		1		1		1		1		1/3		1/3		1/2		1/2		1/3		1/3		1		1		1		1		1		1/3		1/2		1/2		1/2		1/3		1		1

		6		71		1/3		1/2		1		1		1/2		1/3		1		1/3		1/2		1		1		1/2		1		1		1/2		1/2		1		1		1/2		1		1		1/2		1/3		1		1/3		1/2		1		1		1/2		1/3

		8		89		1		1		1/2		1/2		1/2		1		1		1		1		1		1/2		1/2		1/2		1		1		1		1		1/2		1/2		1/2		1		1		1		1		1		1/2		1/2		1/2		1		1

		9		107		1/2		1		1/2		1		1		1		1		1/2		1		1/2		1		1/2		1		1		1		1		1		1		1/2		1		1/2		1		1/2		1		1		1		1		1/2		1		1/2

		10		113		1/2		1		1		1/2		1		1		1/2		1		1		1/2		1		1		1/2		1		1		1		1		1/2		1		1		1/2		1		1		1/2		1		1		1/2		1		1		1/2

		12		139		1/2		1		1/2		1		1/2		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1/2		1		1/2		1		1/2

		15		179		1		1		1		1		1		1		1		1		1		1		1/2		1		1		1		1		1		1		1		1		1/2		1		1		1		1		1		1		1		1		1		1

		16		191		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		18		211		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		20		239		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		24		283		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		25		293		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1





random grouping

				Group#

		Seq index				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

		RB size		ZC length

		3		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

		4		47		17		40		34		38		30		25		5		21		1		18		12		3		37		11		2		6		7		42		22		24		36		9		33		28		43		26		23		32		46		14

		5		59		15		50		3		9		37		23		33		22		10		25		57		43		5		2		41		38		18		46		4		30		56		55		19		42		27		53		14		7		54		11

		6		71		13		5		24		46		40		45		26		27		28		69		21		58		10		14		47		41		48		8		53		3		44		17		63		19		61		52		38		30		12		70

		8		89		46		30		47		52		49		60		57		67		15		32		77		38		78		25		35		28		45		20		63		82		34		10		86		9		75		39		87		40		55		68

		9		107		35		90		77		80		87		79		7		101		85		2		59		64		44		82		69		6		33		103		25		97		84		106		20		18		68		17		57		43		100		11

		10		113		77		89		56		88		29		24		52		60		51		47		43		34		44		38		18		95		39		30		109		110		86		23		101		28		93		25		94		92		19		80

		12		139		5		1		136		49		120		66		86		54		6		89		71		107		21		83		111		99		88		37		28		25		41		11		119		58		3		127		17		134		112		16

		15		179		161		23		106		119		68		158		48		100		55		33		136		137		8		67		74		31		141		178		72		95		77		113		114		11		140		54		57		61		150		117

		16		191		90		85		57		112		155		132		100		52		31		172		92		127		139		75		134		180		158		97		154		11		123		99		185		156		126		21		181		177		28		104

		18		211		31		194		32		27		45		11		207		195		74		121		113		166		176		94		12		203		141		123		71		163		29		30		69		1		106		43		40		115		96		157

		20		239		55		47		7		1		20		204		31		77		235		53		35		169		9		150		121		30		143		26		84		90		193		156		220		208		48		8		142		139		115		191

		24		283		158		175		8		252		220		65		13		58		210		42		229		197		56		142		237		39		239		134		235		247		43		230		18		137		225		59		52		280		194		62

		25		293		36		250		80		160		72		115		168		256		155		132		274		8		3		67		264		261		111		91		85		201		277		287		282		94		190		138		148		222		28		152
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