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1. Introduction
The UL RS sequence grouping has been proposed in [1]-[3] to mitigate inter-cell interference and was reflected as an agreed way forward in [4],[5] during RAN1#49 Kobe meeting. In previous Shanghai meeting, one sequence per group for allocations of up to 5-RBs was also agreed. But both the details for sequence grouping method and the number of sequence per group for allocation over 5-RB have not been discussed yet. In this contribution, we propose the sequence binding method which avoids high-peak cross-correlation between different lengths across different groups for equal to or more than 3-RB.
2. Binding method for UL RS sequence
Since the high cross-correlation between the RS sequences with different length causes the severe inter-cell interference, the sequence grouping based on high peak cross-correlation criterion was proposed in [1],[2]. Specifically, in order to avoid the use of sequence pair with the high peak cross-correlation at neighbouring cells/eNodeB, such sequences should be assigned in the same group first and then the sequence hopping or group hopping can be used for achieving additional interference randomization. This is because, even if the slot-based sequence/group hopping is performed, it is still possible that a RS sequence combination with high cross-correlation occurs at a certain slot without any further grouping coordination. The necessity and effectiveness to bind high peak cross-correlation combination for each RB size have been addressed in the several contributions [6]-[8].
In this chapter, we propose the sequence grouping for UL DM RS sequences whose lengths are not less than 3-RB size. Note that this approach can be applied without any restriction for the number of sequences per group in each RB size.
2.1 RS sequence binding method
The procedure for proposed binding method based on high peak cross-correlation in a group is as following ; 

· For a  certain group, let the reference ri,k for k=1,2,…,Ni-1 be k-th ZC sequence of i-RB size, where Ni is ZC sequence length of i-RB. For example, it can start from setting i=3 and k=1
· Select rj,m of m-th ZC sequence of j-RB size according to the criterion which is the lowest value of 
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, where Nj is ZC sequence length of j-RB and m=1,2,…,Nj-1. In case of multiple sequences per group, the following lowest values can be considered to select rj,m as multiple root indices in a group consequently. 
2.2 Discussion on the number of root sequences per group
The discussion on the number of root sequences per group has been taken place in the e-mail reflector. More sequences in a group might provide interference randomization with sequence hopping within group. We think that having more than 1 sequence per group can hardly provide benefit in terms of interference randomization due to the fact that the interference can be already sufficiently randomized with circular shift hopping. However, for slightly more interference randomization, we prefer to bind at most 2 sequence indices per group for allocation over 5-RB.

2.3 Proposed grouping table (for 2 sequences per group over 5-RBs)
As an example, the grouping table using the proposed procedure is given below;
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The proposed grouping table is obtained in terms of peak cross-correlation grouping constraint. Two grouping methods are specifically considered for comparison, i.e., sequential grouping that base sequences for each group are selected sequentially from the first sequence index and random grouping which randomly selects base sequences in a group.
We used 4x over-sampling for evaluation of cross-correlation. Figure 1 shows the CDF of peak cross-correlation between different RS lengths from desired RB to 25-RB across different groups. Figure 1-(a)~(c) are for the case of desired 3-RB, 4-RB and 5-RB respectively. It is shown that the grouping methods which do not consider high cross-correlation can result in severe inter-cell interference more than 0.9 high peak cross-correlation. On the other hand, the grouping by proposed binding method can prevent large cross-correlation relatively between different RS sequences across different groups.
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(a) Desired RB=3RB case


               (b) Desired RB=4RB case
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(c) Desired RB=5RB case

Figure 1. The CDF of peak cross-correlation between different RS lengths across different groups

3. Conclusions

In this contribution, we proposed a binding method for UL RS sequences with different length for more than 2-RBs and investigated cross-correlation property between different ZC RS lengths across different RS groups. In order to avoid large inter-cell interference between different groups, the proposed binding method is based on the high peak cross-correlation criterion for sequence index grouping. Therefore, we propose the above concepts as a sequence grouping methodology.
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GroupingTable_LGE

		Gr. Idx		3RB		4RB		5RB		6RB				8RB				9RB				10RB				12RB				15RB				16RB				18RB				20RB				24RB				25RBs

		1		1		2		2		2		3		3		2		3		4		4		3		4		5		6		5		6		7		7		6		8		7		9		10		9		10

		2		2		3		4		5		4		6		5		7		6		7		8		9		8		12		11		12		13		14		13		15		16		18		19		19		18

		3		3		5		6		7		6		9		8		10		11		11		10		13		14		17		18		18		19		20		21		23		24		27		28		28		29

		4		4		6		8		9		10		11		12		14		13		15		14		18		17		23		24		25		24		27		28		31		30		37		36		38		37

		5		5		8		10		11		12		14		15		17		18		18		19		22		23		29		28		31		30		34		35		39		38		46		45		47		48

		6		6		9		11		14		13		17		18		21		20		22		21		27		26		35		34		37		36		41		40		46		47		55		54		57		56

		7		7		11		13		16		17		20		21		24		25		26		25		31		32		40		41		43		44		48		47		54		53		64		63		66		67

		8		8		12		15		18		19		23		22		28		27		29		30		36		35		46		47		49		50		54		55		62		61		73		74		76		75

		9		9		14		17		21		20		26		25		31		32		33		32		40		41		52		51		55		56		61		62		69		70		82		83		85		86

		10		10		15		19		23		22		29		28		35		34		36		37		45		44		58		57		62		61		68		69		77		78		91		92		95		94

		11		11		17		21		25		26		32		31		38		37		40		41		49		50		64		63		68		67		75		74		85		84		100		101		104		103

		12		12		18		23		27		28		34		35		41		42		44		43		54		53		69		70		74		73		82		81		93		92		110		109		113		114

		13		13		20		25		30		29		37		38		45		44		47		48		58		59		75		76		80		81		88		89		100		101		119		118		123		122

		14		14		21		27		32		33		40		41		48		49		51		52		63		62		81		80		86		87		95		96		108		107		128		127		132		133

		15		15		23		29		34		35		43		44		52		51		55		54		67		68		87		86		92		93		102		103		116		115		137		136		142		141

		16		16		24		30		37		36		46		45		55		56		58		59		72		71		92		93		99		98		109		108		123		124		146		147		151		152

		17		17		26		32		39		38		49		48		59		58		62		61		76		77		98		99		105		104		116		115		131		132		155		156		161		160

		18		18		27		34		41		42		52		51		62		63		66		65		81		80		104		103		111		110		123		122		139		138		164		165		170		171

		19		19		29		36		44		43		55		54		66		65		69		70		85		86		110		109		117		118		129		130		146		147		173		174		180		179

		20		20		30		38		46		45		57		58		69		70		73		72		90		89		115		116		123		124		136		137		154		155		183		182		189		190

		21		21		32		40		48		49		60		61		72		73		77		76		94		95		121		122		129		130		143		142		162		161		192		191		198		199

		22		22		33		42		50		51		63		64		76		75		80		81		99		98		127		128		136		135		150		149		170		169		201		200		208		207

		23		23		35		44		53		52		66		67		79		80		84		83		103		104		133		132		142		141		157		156		177		178		210		209		217		218

		24		24		36		46		55		54		69		68		83		82		87		88		108		107		139		138		148		147		163		164		185		186		219		220		227		226

		25		25		38		48		57		58		72		71		86		87		91		92		112		113		144		145		154		155		170		171		193		192		228		229		236		237

		26		26		39		49		60		59		75		74		90		89		95		94		117		116		150		151		160		161		177		176		200		201		237		238		246		245

		27		27		41		51		62		61		78		77		93		94		98		99		121		122		156		155		166		167		184		183		208		209		246		247		255		256

		28		28		42		53		64		65		80		81		97		96		102		103		126		125		162		161		173		172		191		190		216		215		256		255		265		264

		29		29		44		55		66		67		83		84		100		101		106		105		130		131		167		168		179		178		197		198		224		223		265		264		274		275

		30		30		45		57		69		68		86		87		104		103		109		110		135		134		173		174		185		184		204		205		231		232		274		273		284		283





GroupTable_Sequential

		Gr. Idx		3RB		4RB		5RB		6RB				8RB				9RB				10RB				12RB				15RB				16RB				18RB				20RB				24RB				25RBs

		1		1		1		1		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2

		2		2		2		2		3		4		3		4		4		5		4		5		5		6		6		7		7		8		8		9		8		9		10		11		10		11

		3		3		3		3		5		6		5		6		7		8		7		8		9		10		11		12		13		14		15		16		15		16		19		20		19		20

		4		4		4		4		7		8		7		8		10		11		10		11		13		14		16		17		19		20		22		23		22		23		28		29		28		29

		5		5		5		5		9		10		9		10		13		14		13		14		17		18		21		22		25		26		29		30		29		30		37		38		37		38

		6		6		6		6		11		12		11		12		16		17		16		17		21		22		26		27		31		32		36		37		36		37		46		47		46		47

		7		7		7		7		13		14		13		14		19		20		19		20		25		26		31		32		37		38		43		44		43		44		55		56		55		56

		8		8		8		8		15		16		15		16		22		23		22		23		29		30		36		37		43		44		50		51		50		51		64		65		64		65

		9		9		9		9		17		18		17		18		25		26		25		26		33		34		41		42		49		50		57		58		57		58		73		74		73		74

		10		10		10		10		19		20		19		20		28		29		28		29		37		38		46		47		55		56		64		65		64		65		82		83		82		83

		11		11		11		11		21		22		21		22		31		32		31		32		41		42		51		52		61		62		71		72		71		72		91		92		91		92

		12		12		12		12		23		24		23		24		34		35		34		35		45		46		56		57		67		68		78		79		78		79		100		101		100		101

		13		13		13		13		25		26		25		26		37		38		37		38		49		50		61		62		73		74		85		86		85		86		109		110		109		110

		14		14		14		14		27		28		27		28		40		41		40		41		53		54		66		67		79		80		92		93		92		93		118		119		118		119

		15		15		15		15		29		30		29		30		43		44		43		44		57		58		71		72		85		86		99		100		99		100		127		128		127		128

		16		16		16		16		31		32		31		32		46		47		46		47		61		62		76		77		91		92		106		107		106		107		136		137		136		137

		17		17		17		17		33		34		33		34		49		50		49		50		65		66		81		82		97		98		113		114		113		114		145		146		145		146

		18		18		18		18		35		36		35		36		52		53		52		53		69		70		86		87		103		104		120		121		120		121		154		155		154		155

		19		19		19		19		37		38		37		38		55		56		55		56		73		74		91		92		109		110		127		128		127		128		163		164		163		164

		20		20		20		20		39		40		39		40		58		59		58		59		77		78		96		97		115		116		134		135		134		135		172		173		172		173

		21		21		21		21		41		42		41		42		61		62		61		62		81		82		101		102		121		122		141		142		141		142		181		182		181		182

		22		22		22		22		43		44		43		44		64		65		64		65		85		86		106		107		127		128		148		149		148		149		190		191		190		191

		23		23		23		23		45		46		45		46		67		68		67		68		89		90		111		112		133		134		155		156		155		156		199		200		199		200

		24		24		24		24		47		48		47		48		70		71		70		71		93		94		116		117		139		140		162		163		162		163		208		209		208		209

		25		25		25		25		49		50		49		50		73		74		73		74		97		98		121		122		145		146		169		170		169		170		217		218		217		218

		26		26		26		26		51		52		51		52		76		77		76		77		101		102		126		127		151		152		176		177		176		177		226		227		226		227

		27		27		27		27		53		54		53		54		79		80		79		80		105		106		131		132		157		158		183		184		183		184		235		236		235		236

		28		28		28		28		55		56		55		56		82		83		82		83		109		110		136		137		163		164		190		191		190		191		244		245		244		245

		29		29		29		29		57		58		57		58		85		86		85		86		113		114		141		142		169		170		197		198		197		198		253		254		253		254

		30		30		30		30		59		60		59		60		88		89		88		89		117		118		146		147		175		176		204		205		204		205		262		263		262		263





GroupTable_Randomly

		Gr. Idx		3RB		4RB		5RB		6RB				8RB				9RB				10RB				12RB				15RB				16RB				18RB				20RB				24RB				25RBs

		1		1		26		45		42		66		49		43		58		14		75		78		32		16		148		23		13		54		24		80		112		77		54		86		203		174

		2		2		38		40		12		32		21		81		50		88		51		36		113		129		57		64		134		110		72		198		163		83		125		67		16		230

		3		3		6		54		28		36		63		79		25		68		107		33		131		91		109		106		60		44		19		112		94		221		142		100		95		108

		4		4		28		31		68		64		84		35		29		26		98		15		34		74		101		169		16		176		176		199		124		222		76		140		131		107

		5		5		7		34		6		14		82		14		91		7		40		54		77		23		59		86		114		93		81		10		68		190		36		30		32		222

		6		6		15		25		29		2		75		10		4		18		9		41		102		123		85		146		177		163		142		126		192		110		83		58		171		221

		7		7		14		1		46		27		41		12		13		53		11		49		19		84		156		43		151		128		156		170		230		117		186		168		280		89

		8		8		16		5		18		7		18		19		10		51		46		30		39		120		69		38		101		24		84		27		99		227		57		38		99		198

		9		9		34		58		54		16		88		42		57		70		83		108		130		81		67		65		68		63		159		188		141		3		144		28		255		237

		10		10		1		43		38		41		86		40		65		94		43		87		24		13		44		7		5		141		124		34		37		95		235		234		211		123

		11		11		27		8		49		34		69		59		56		103		103		90		124		45		151		21		89		67		95		117		122		36		138		27		182		196

		12		12		13		41		63		37		34		31		92		2		79		58		70		126		11		55		35		17		101		147		168		215		92		220		81		146

		13		13		44		33		24		70		60		74		24		67		6		111		31		87		51		98		74		76		31		77		2		132		146		267		48		25

		14		14		37		17		61		44		1		39		9		89		42		21		122		110		166		89		184		21		115		113		33		103		116		124		44		126

		15		15		33		10		30		67		83		6		77		61		39		29		89		44		96		118		94		41		35		97		107		44		197		275		281		264

		16		16		24		13		25		17		73		20		81		95		25		50		15		125		143		40		64		120		163		29		195		5		12		174		2		86

		17		17		39		14		8		58		53		29		23		101		17		70		68		83		19		145		132		66		137		204		80		183		85		41		248		112

		18		18		17		18		69		26		58		15		80		17		24		86		71		117		56		8		179		144		36		141		167		206		193		88		113		195

		19		19		9		51		35		60		3		5		44		106		85		28		137		65		112		54		71		165		210		58		176		158		89		151		128		179

		20		20		23		30		10		23		67		36		105		73		64		93		90		35		138		9		84		57		1		184		204		231		272		232		254		269

		21		21		22		24		62		11		25		55		42		64		80		81		67		21		84		26		190		87		76		43		174		51		112		73		249		3

		22		22		21		22		13		45		24		87		66		60		56		82		99		72		152		141		53		188		120		52		148		79		90		22		267		260

		23		23		19		42		48		3		13		7		16		104		88		92		36		52		171		77		100		187		183		207		224		40		152		48		276		265

		24		24		32		6		31		20		66		48		90		45		95		1		107		25		72		48		150		162		85		195		71		185		233		29		135		8

		25		25		45		20		65		56		44		77		38		32		74		22		53		96		100		12		156		20		190		178		69		6		25		180		166		231

		26		26		35		35		4		21		17		85		59		63		45		71		69		1		20		108		14		27		130		140		63		88		104		155		45		262

		27		27		2		3		47		43		11		38		97		5		66		106		75		50		18		117		173		18		132		106		34		171		167		223		58		30

		28		28		30		46		15		22		78		4		11		39		5		102		82		93		74		80		96		160		46		182		156		207		178		70		39		96

		29		29		4		19		57		39		9		50		33		40		13		23		95		62		76		175		34		40		135		160		178		14		45		260		192		241

		30		30		12		44		52		50		62		2		35		31		105		72		136		46		79		97		92		121		171		104		229		228		17		216		218		158






