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1 Introduction
This contribution is an update of our previous contribution [1], with updates to reflect the most recent working assumptions

At RAN1#49bis, the following way forward was agreed for the S-SCH:
· M-sequence based code

· Generate a set of 31 sequences obtained as cyclic shifts of a single length 31 M-sequence generated from the primitive polynomial x^5+x^2+1 over GF(2)

· Two short SSC codes selected from above set

· Interleaved multiplexing of two short SSC sequences. 

· First and second sequence scrambled with a binary scrambling code depending on the P-SCH

· FFS: Exact specification of scrambling code

· Scrambling of the second sequence with a binary scrambling code corresponding to the index of the first sequence. Many-to-1 relation between scrambling code and first sequence index is not precluded.

· FFS: Exact specification of scrambling code and relation of scrambling code to index of the first sequence

· Mapping onto subcarriers:

· 31 length sequence + DC + 31 length sequence

· Leave the remaining 9 subcarriers reserved

· BPSK mapping of binary sequence

· 340 hypotheses on SSC

The P-SCH and S-SCH are transmitted every 5ms.  In a synchronous environment the UE often receives signals from multiple cells simultaneously.  If each cell transmits the same S-SCH every half frame the inter-cell interference for the S-SCH will be the same every 5ms.  Additionally, 10 ms frame timing information should be able to be detected every 5 ms.  Therefore there should be a mechanism to carry the frame timing information in S-SCH.  We propose that the S-SCH sequences transmitted in the first subframe be different from those transmitted in the 6th subframe.  In this way the inter-cell S-SCH interference is randomized and will non-coherently add together. In addition the frame timing can be detected every 5 ms. In this contribution we further discuss the S-SCH mapping scheme for the 1st and 6th subframe following the agreed working assumptions.
Our simulation results show that this small change can have a benefit in the synchronous environment.  Therefore as there is no complexity increase for such a scheme we propose that it is adopted into the standard.

1.1 Illustrative Example

Let us consider a UE which receives signals from two cells.  In the first subframe they transmit short sequences (s1, m1s2), and (s1, m1s7), respectively.  Where si represents an m sequence with index i, and mi represents a scrambling sequence dependent on index i.   This is illustrated in Table 1 REF _Ref164151433 \h 
 below.
For illustration we assume that these scrambling sequences mi are associated with short sequence s4i, s4i+1 ,s4i+2 and s4i+3 (4 to 1 mapping).  Therefore there are total of 8 scrambling sequences for each short SSC sequence...Table 1 gives shows four possible ways of the mapping of two short SSCH codes which carry the frame timing information.
Table 1 Comparison of SSCH short codes mapping schemes
	Node B
	Repetition with Switch
	BPSK Modulation
	BPSK with Remapping
	Remapping

	1
	(s1, m0s20), 
(s20, m4s1)
	(s1, m0s20), 
(-s1, -m0s20)
	(s1, m0s20),
(-s10, -m2s21)
	(s1, m0s20),
(s10, m2s21)

	2
	(s1, m0s7), 
(s7, m1s1)
	(s1, m0s7), 
(-s1, -m0s7)
	(s1, m0s7),
(-s11, - m2s17)
	(s1, m0s7), 
(s11, m2s17)

	Number of collisions of short sequences
	1 full collision
1 scrambled collision
	2 full collisions
	1 full collision
	1 full collision


We define a scrambled collision as any instance in which two different cells use different scrambling sequences and a full collision is when two different cells use the same short sequence and the same scrambling sequence. 

As shown in table 1 with an appropriate remapping of the two short sequences the maximum number of S-SCH sequence collisions between two cells is limited to 1.  However if the same SSC structure or BPSK modulation is applied to both the 1st and 6th subframe, the number of collisions can be equal to 2.  
1.2 Implementation examples

In this section we give 2 specific examples of mapping schemes which reduce the number of collisions.  We assume that there are 340 hypotheses, representing 170 Group ID’s and Frame timing.  Within a frame four short codes are transmitted (sa, sb) in the 1st subframe and (sc, sd) in the 6th subframe respectively.  
The first example of a remapping scheme does not use any specific formula and was found by iterative search.  The details of which can be found in the attached spreadsheet.  This method would require a lookup table. As there are at most 340 options the additional memory requirement is very limited.
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The second example of a remapping scheme is based on a formula.  This formula given the input GroupID which represents a number from 0-169 the formula is 
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Table 2:  Number of short sequence collisions for different mappings
	
	1 scrambling sequence
	4 scrambling sequence
	8 scrambling sequence
	31 scrambling sequence

	Method
	Single Collisions
	Double Collisions
	Single Collisions
	Double Collisions
	Single Collisions
	Double Collisions
	Single Collisions
	Double Collisions

	Reverse Order
	0
	1703
	948
	755
	1326
	377
	1703
	0

	BPSK modulation
	0
	770
	0
	660
	0
	557
	0
	385

	Lookup Table 
	3391
	0
	2080
	0
	1855
	0
	1696
	0

	Formula
	3401
	0
	2455
	0
	2075
	0
	1698
	0


The number of collisions equals the summation of all overlaps of short sequences between every combination of different short sequences.  
2 Simulation Methodology
During the evaluation of the cell search performances of the different schemes, we only consider the step-2.

Known timing offsets have been assumed in the simulations and the frequency offset is set to zero.
A 19 Cell environment was simulated with the UE located uniformly in the centre cell.  Each cell was assumed to transmit at the same time (perfectly synchronized), with a distance related delay equal to the distance from the NodeB to the UE divided by the speed of light.  Each cell’s signal is affected by an independent fast fading TU channel.  Based on the unicast SNIR, only the cell edge users (with a SNIR less than -4 dB) were simulated. 

We simulated each drop for a maximum of 5 Frames (50 ms), with the UE averaging the coherently received signal over multiple frames (using MRC based on CSI acquired from the P-SCH.  We assume the S-SCH structure is made up of 2 M-sequences of length 31, which are interleaved on a per subcarrier basis.  The remapping used is the lookup table version introduced above.  The scrambling sequence is made up of a second m-sequence, see [3] for more detail.  
We consider 2 types of receivers; the first which we call a ML receiver evaluates all combinations of scrambling sequence and m-sequences.  The second receiver which we call two stages first estimates the value of the first short sequence and then applies the estimated scrambling sequence to the second short sequence and then estimates the second short sequence.  
	Parameters
	Value
	Comments

	Number of Cells (3 sectors)
	19
	

	Bandwidth
	1.25 MHz
	

	Operating Frequency
	2 GHz
	

	Minimum Mobile-to-BS Distance
	35 m
	

	Test Sector
	Centre Cell any sector
	

	Sector Orientation
	Bore-Sight Pointing
	

	Antenna Pattern
	70° (-3dB) with 20 dB front-to-Back, (
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	Path loss Model
	128.1 +37.6log10(d)
	d in km

	Log-Normal Shadowing Standard Deviation
	8 dB
	

	BS Shadowing Correlation
	0.5
	

	UE Noise Figure
	9 dB
	

	Thermal Noise Density
	-174 dBm/Hz
	

	NodeB Antenna Gain
	15 dB
	

	UE Antenna Gain
	0 dBi
	

	BS Maximum PA Power
	43 dBm
	

	Other Loss
	20 dB
	Including cable and penetration losses

	FFT Size
	128
	

	Cyclic Prefix Duration
	Short
	

	Channel Estimation Algorithm
	FFT based on P-SCH
	

	Cell Size
	1.732 km
	ISD

	P-SCH
	ZC sequences
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Figure 1: Probability of Synchronization to any cell with different mapping schemes, SNR <-4dB ML receiver
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Figure 2: Probability of Synchronization to any cell with different mapping schemes, SNR <-4dB 

2 stage receiver

We can see that the inclusion of the simple permutation improves the performance of the second S-SCH detection.  
3 Conclusion
We recommend that the concatenated S-SCH short sequences transmitted in the 1st subframe are different from those transmitted in the 6th subframe, and that the difference is cell specific to randomize inter-cell interference.  This can be easily achieved with low complexity by adopting one of the mapping schemes proposed above. 
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		Hypothesis		Cell ID		Frame location		Short sequence 1		Short Sequence 2

		1		1		0		0		1

		2		2		0		6		8

		3		3		0		23		5

		4		4		0		22		9

		5		5		0		7		24

		6		6		0		13		15

		7		7		0		3		28

		8		8		0		16		10

		9		9		0		14		23

		10		10		0		19		27

		11		11		0		15		4

		12		12		0		17		11

		13		13		0		5		12

		14		14		0		8		6

		15		15		0		2		21

		16		16		0		10		13

		17		17		0		11		20

		18		18		0		1		14

		19		19		0		9		0

		20		20		0		18		16

		21		21		0		28		17

		22		22		0		12		25

		23		23		0		25		3

		24		24		0		24		29

		25		25		0		26		18

		26		26		0		29		19

		27		27		0		27		2

		28		28		0		30		30

		29		29		0		20		26

		30		30		0		21		22

		31		31		0		4		7

		32		32		0		24		5

		33		33		0		6		26

		34		34		0		0		15

		35		35		0		18		14

		36		36		0		26		12

		37		37		0		15		3

		38		38		0		3		10

		39		39		0		7		30

		40		40		0		28		22

		41		41		0		19		24

		42		42		0		27		6

		43		43		0		21		16

		44		44		0		2		8

		45		45		0		10		18

		46		46		0		1		9

		47		47		0		9		13

		48		48		0		25		25

		49		49		0		8		11

		50		50		0		30		28

		51		51		0		14		7

		52		52		0		12		29

		53		53		0		29		23

		54		54		0		17		17

		55		55		0		13		21

		56		56		0		22		0

		57		57		0		4		19

		58		58		0		11		27

		59		59		0		23		4

		60		60		0		16		1

		61		61		0		5		20

		62		62		0		20		2

		63		63		0		25		29

		64		64		0		8		5

		65		65		0		15		0

		66		66		0		12		22

		67		67		0		24		18

		68		68		0		17		6

		69		69		0		1		15

		70		70		0		10		9

		71		71		0		13		11

		72		72		0		0		20

		73		73		0		18		4

		74		74		0		22		7

		75		75		0		11		25

		76		76		0		19		30

		77		77		0		4		13

		78		78		0		30		16

		79		79		0		20		17

		80		80		0		7		26

		81		81		0		5		10

		82		82		0		26		21

		83		83		0		14		2

		84		84		0		16		14

		85		85		0		3		12

		86		86		0		21		24

		87		87		0		2		19

		88		88		0		27		28

		89		89		0		28		3

		90		90		0		23		27

		91		91		0		29		8

		92		92		0		9		23

		93		93		0		15		1

		94		94		0		6		4

		95		95		0		21		0

		96		96		0		18		26

		97		97		0		7		17

		98		98		0		29		13

		99		99		0		27		11

		100		100		0		9		18

		101		101		0		0		2

		102		102		0		20		20

		103		103		0		26		6

		104		104		0		12		15

		105		105		0		11		3

		106		106		0		5		21

		107		107		0		4		22

		108		108		0		19		23

		109		109		0		2		14

		110		110		0		23		16

		111		111		0		6		9

		112		112		0		10		7

		113		113		0		30		25

		114		114		0		16		5

		115		115		0		22		10

		116		116		0		17		28

		117		117		0		24		19

		118		118		0		1		1

		119		119		0		28		27

		120		120		0		13		24

		121		121		0		8		8

		122		122		0		14		30

		123		123		0		25		12

		124		124		0		9		29

		125		125		0		3		1

		126		126		0		21		7

		127		127		0		15		15

		128		128		0		27		17

		129		129		0		24		6

		130		130		0		13		28

		131		131		0		8		2

		132		132		0		11		13

		133		133		0		3		3

		134		134		0		29		4

		135		135		0		18		18

		136		136		0		17		23

		137		137		0		10		22

		138		138		0		14		0

		139		139		0		19		19

		140		140		0		26		9

		141		141		0		4		16

		142		142		0		16		26

		143		143		0		6		21

		144		144		0		22		11

		145		145		0		20		14

		146		146		0		28		25

		147		147		0		2		10

		148		148		0		23		12

		149		149		0		0		27

		150		150		0		12		20

		151		151		0		1		5

		152		152		0		25		30

		153		153		0		30		24

		154		154		0		5		29

		155		155		0		7		20

		156		156		0		12		12

		157		157		0		24		8

		158		158		0		15		6

		159		159		0		20		27

		160		160		0		30		21

		161		161		0		0		28

		162		162		0		13		22

		163		163		0		28		1

		164		164		0		16		30

		165		165		0		26		25

		166		166		0		19		11

		167		167		0		14		16

		168		168		0		17		18

		169		169		0		29		9

		170		170		0		4		26

		171		1		1		1		0

		172		2		1		11		19

		173		3		1		27		25

		174		4		1		28		7

		175		5		1		18		2

		176		6		1		12		17

		177		7		1		26		16

		178		8		1		4		3

		179		9		1		30		14

		180		10		1		9		26

		181		11		1		20		30

		182		12		1		25		22

		183		13		1		29		18

		184		14		1		21		29

		185		15		1		24		20

		186		16		1		6		27

		187		17		1		17		15

		188		18		1		15		5

		189		19		1		8		24

		190		20		1		22		13

		191		21		1		5		11

		192		22		1		10		23

		193		23		1		0		9

		194		24		1		19		28

		195		25		1		23		6

		196		26		1		13		10

		197		27		1		16		12

		198		28		1		7		21

		199		29		1		2		1

		200		30		1		14		8

		201		31		1		3		4

		202		32		1		11		29

		203		33		1		30		0

		204		34		1		20		13

		205		35		1		4		2

		206		36		1		17		25

		207		37		1		23		1

		208		38		1		13		17

		209		39		1		16		19

		210		40		1		29		28

		211		41		1		14		20

		212		42		1		8		27

		213		43		1		5		7

		214		44		1		12		4

		215		45		1		9		21

		216		46		1		22		23

		217		47		1		25		11

		218		48		1		6		6

		219		49		1		0		16

		220		50		1		18		3

		221		51		1		24		15

		222		52		1		21		14

		223		53		1		10		26

		224		54		1		19		5

		225		55		1		15		8

		226		56		1		26		10

		227		57		1		2		24

		228		58		1		28		12

		229		59		1		1		22

		230		60		1		3		18

		231		61		1		7		9

		232		62		1		27		30

		233		63		1		27		27

		234		64		1		14		26

		235		65		1		29		2

		236		66		1		26		24

		237		67		1		21		17

		238		68		1		6		1

		239		69		1		9		10

		240		70		1		23		8

		241		71		1		20		21

		242		72		1		3		19

		243		73		1		28		23

		244		74		1		2		12

		245		75		1		4		14

		246		76		1		5		28

		247		77		1		7		3

		248		78		1		16		6

		249		79		1		1		20

		250		80		1		24		4

		251		81		1		18		5

		252		82		1		19		16

		253		83		1		0		18

		254		84		1		13		13

		255		85		1		8		30

		256		86		1		11		15

		257		87		1		25		9

		258		88		1		10		0

		259		89		1		15		25

		260		90		1		30		7

		261		91		1		22		29

		262		92		1		17		22

		263		93		1		12		11

		264		94		1		22		24

		265		95		1		17		27

		266		96		1		1		16

		267		97		1		14		9

		268		98		1		24		1

		269		99		1		6		10

		270		100		1		28		5

		271		101		1		13		7

		272		102		1		8		28

		273		103		1		16		8

		274		104		1		30		12

		275		105		1		3		29

		276		106		1		23		25

		277		107		1		10		30

		278		108		1		25		19

		279		109		1		21		3

		280		110		1		7		14

		281		111		1		15		22

		282		112		1		5		26

		283		113		1		9		20

		284		114		1		12		21

		285		115		1		11		23

		286		116		1		4		6

		287		117		1		26		0

		288		118		1		19		2

		289		119		1		2		15

		290		120		1		27		18

		291		121		1		18		13

		292		122		1		29		11

		293		123		1		20		4

		294		124		1		0		17

		295		125		1		7		12

		296		126		1		20		5

		297		127		1		16		29

		298		128		1		26		8

		299		129		1		12		14

		300		130		1		25		27

		301		131		1		28		10

		302		132		1		23		30

		303		133		1		1		26

		304		134		1		30		9

		305		135		1		6		11

		306		136		1		5		24

		307		137		1		2		16

		308		138		1		4		20

		309		139		1		22		25

		310		140		1		0		21

		311		141		1		24		2

		312		142		1		21		19

		313		143		1		3		7

		314		144		1		27		0

		315		145		1		19		18

		316		146		1		17		1

		317		147		1		9		6

		318		148		1		18		23

		319		149		1		15		17

		320		150		1		29		22

		321		151		1		8		15

		322		152		1		14		3

		323		153		1		10		28

		324		154		1		13		4

		325		155		1		11		8

		326		156		1		6		13

		327		157		1		8		10

		328		158		1		7		19

		329		159		1		3		14

		330		160		1		11		2

		331		161		1		5		23

		332		162		1		18		15

		333		163		1		4		24

		334		164		1		25		7

		335		165		1		21		13

		336		166		1		2		3

		337		167		1		23		29

		338		168		1		22		4

		339		169		1		27		5

		340		170		1		9		17
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