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1. Introduction
From last Kobe meeting (RAN1 #49) to last Jeju meeting (RAN1 #51), the agreements for sequence grouping of UL DM RS are summarized as follows;

· The grouping and hopping was agreed. (Kobe, #49)
· It was agreed that the number of groups is 30 and that one root sequence per RB in case of <=5RB is assigned into a group. (Shanghai, #50bis)
· It was agreed that two root sequences per RB in case of >5RB is assigned into a group. (Jeju, #51)

In this contribution, we propose the way forward on details of sequence grouping in case of >=3RB based on the above agreements.

2. Discussion
Until now, two detailed methodologies for grouping have been proposed in RAN1. One is sequential grouping in which the root indices of ZC are assigned into the group in the ascending order [1]. The other is planned grouping in which the root indices with high cross-correlation values are assigned into a same group in order to suppress inter-cell interferences. [2][3][4].

On sequential grouping, the only motivation was that the grouping can be represented by simple equation. However, since the high cross-correlation value can be occur among the groups, it can suffer from severe inter-cell interferences particularly under cell-planning deployments which do not apply hopping mechanism. Without hopping, it was noted that the throughput loss of sequential grouping with HARQ is 50% compared with planned grouping. Even with shift/sequence hopping and HARQ, the throughput for sequential grouping is decreased by about 15% in comparison to planned grouping in the worst case. In addition, since planned grouping can also provide the simple equation, the advantages for simplicity from two grouping are not different from each other [2][3][4].
3. Proposed Way Forward
Based on the above discussion, we proposed the following details on grouping as a way forward in case of >=3RB.
The 
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 root Zadoff-Chu sequence is defined by following equation (1).
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The root index q is represented by following equation (2).
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The 
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 has the value 31 which is the generating sequence length for 3RB. The length 
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 of the Zadoff-Chu sequence is given by the largest prime number such that
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 is the sequence length for a give RB. And 
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 is the base sequence number within the group. In here, 
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 rounds the elements of A to the nearest integers and 
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 rounds the elements of A to the nearest integers less than or equal to A. 
The grouping table can be also provided as following;
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4. Conclusions

As a conclusion, we propose RAN1 agrees the way forward in Chapter 3 as grouping details for UL DM RS.
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Grouping table

						RB		3		4		5		6				8				9				10				12				15				16				18				20				24				25				27				30				32				36				40				45				48				50				54				60				64				72				75				80				81				90				96				100

						Nzc		31		47		59		71				89				107				113				139				179				191				211				239				283				293				317				359				383				431				479				523				571				599				647				719				761				863				887				953				971				1069				1151				1193

						Max root per RB		1		1		1		2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2				2

				Group index		v		0		0		0		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1

				0				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		10		11		12		11		12		13		14		13		15		16		17		16		18		19		19		20		21		20		23		24		25		24		28		27		29		28		31		30		31		32		34		35		37		38		38		39

				1				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		20		21		23		24		25		24		28		27		31		30		34		33		37		36		39		38		42		41		46		47		49		50		56		55		57		58		61		62		63		62		69		68		74		75		77		76

				2				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		31		30		35		34		37		38		42		41		46		47		51		50		55		56		58		57		63		62		70		69		74		73		84		83		86		85		92		93		94		93		103		104		111		112		115		116

				3				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		41		40		46		47		49		50		56		55		62		61		67		68		74		73		77		78		83		84		93		92		98		99		111		112		114		115		123		122		125		126		138		137		149		148		154		153

				4				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		51		52		58		57		62		61		70		69		77		78		84		85		92		93		97		96		104		105		116		115		123		122		139		140		143		144		154		153		157		156		172		173		186		185		192		193

				5				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		61		62		69		70		74		75		83		84		93		92		101		102		111		110		116		115		125		126		139		140		147		148		167		168		172		171		184		185		188		187		207		206		223		222		231		230

				6				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		72		71		81		82		86		87		97		98		108		109		118		119		129		128		135		136		146		147		162		163		172		171		195		194		200		201		215		216		219		220		241		242		260		259		269		270

				7				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		82		81		93		92		99		98		111		112		124		123		135		134		147		148		155		154		167		166		186		185		196		197		223		222		229		228		246		245		251		250		276		275		297		298		308		307

				8				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		92		93		104		105		111		112		125		126		139		140		152		151		166		165		174		173		188		187		209		208		221		220		251		250		258		257		277		276		282		281		310		311		334		335		346		347

				9				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		102		103		116		115		124		123		139		140		155		154		169		168		184		185		193		194		209		208		232		231		245		246		278		279		286		287		307		308		313		314		345		344		371		372		385		384

				10				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		112		113		127		128		136		135		153		152		170		169		186		185		203		202		213		212		230		229		255		256		270		271		306		307		315		314		338		339		345		344		379		380		408		409		423		424

				11				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		123		122		139		138		148		149		167		166		185		186		202		203		221		222		232		231		250		251		278		279		295		294		334		335		343		344		369		368		376		375		414		413		446		445		462		461

				12				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		133		132		151		150		161		160		181		180		201		200		219		220		239		240		251		252		271		272		302		301		319		320		362		361		372		371		400		399		407		408		448		449		483		482		500		501

				13				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		143		144		162		163		173		172		195		194		216		217		236		237		258		257		271		270		292		293		325		324		344		343		390		389		401		400		430		431		439		438		483		482		520		519		539		538

				14				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		153		154		174		173		185		186		209		208		232		231		253		254		276		277		290		289		313		314		348		347		368		369		418		417		429		430		461		462		470		469		517		518		557		556		577		578

				15				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		164		163		185		186		198		197		222		223		247		248		270		269		295		294		309		310		334		333		371		372		393		392		445		446		458		457		492		491		501		502		552		551		594		595		616		615

				16				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		174		173		197		196		210		211		236		237		263		262		287		286		313		314		328		329		355		354		394		395		417		418		473		474		486		487		523		522		532		533		586		587		631		632		654		655

				17				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		184		185		208		209		222		223		250		251		278		279		304		303		332		331		348		347		376		375		417		418		442		441		501		502		515		516		553		554		564		563		621		620		668		669		693		692

				18				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		194		195		220		221		235		234		264		265		294		293		321		320		350		349		367		368		397		396		441		440		466		467		529		528		544		543		584		585		595		596		655		656		705		706		731		732

				19				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		205		204		232		231		247		248		278		279		309		310		337		338		368		369		386		387		417		418		464		463		491		490		557		556		572		573		615		614		626		627		690		689		743		742		770		769

				20				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		215		214		243		244		259		260		292		291		324		325		354		355		387		386		406		405		438		439		487		488		516		515		585		584		601		600		646		645		658		657		724		725		780		779		808		809

				21				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		225		224		255		254		272		271		306		305		340		339		371		372		405		406		425		426		459		460		510		511		540		541		612		613		629		630		676		677		689		690		759		758		817		816		847		846

				22				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		235		236		266		267		284		285		320		319		355		356		388		389		424		423		444		445		480		481		533		534		565		564		640		641		658		659		707		708		720		721		793		794		854		853		885		886

				23				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		245		246		278		277		297		296		334		333		371		370		405		404		442		443		464		463		501		500		557		556		589		590		668		669		687		686		738		737		752		751		828		827		891		892		924		923

				24				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		256		255		290		289		309		308		348		347		386		387		422		421		460		461		483		484		522		521		580		579		614		613		696		695		715		716		769		768		783		784		862		863		928		929		962		963

				25				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		266		265		301		302		321		322		361		362		402		401		439		438		479		478		502		503		543		542		603		604		638		639		724		723		744		743		799		800		814		815		897		896		965		966		1001		1000

				26				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		276		277		313		312		334		333		375		376		417		418		456		455		497		498		522		521		564		563		626		627		663		662		752		751		773		772		830		831		846		845		931		932		1002		1003		1039		1040

				27				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		286		287		324		325		346		345		389		390		433		432		472		473		516		515		541		542		584		585		649		650		687		688		779		780		801		802		861		860		877		878		966		965		1040		1039		1078		1077

				28				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		297		296		336		335		358		359		403		404		448		449		489		490		534		535		560		561		605		606		673		672		712		711		807		808		830		829		892		891		908		909		1000		1001		1077		1076		1116		1117

				29				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		307		306		347		348		371		370		417		418		464		463		506		507		553		552		580		579		626		627		696		695		736		737		835		836		858		859		922		923		940		939		1035		1034		1114		1113		1155		1154
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