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1 Introduction
According to the latest working assumption for cell search, the following has being decided about the S-SCH [1]:

· SSC structure: Combination of two short codes
· Frame timing from different SSC sequences

· SSC sequence: concatenation of two short codes
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 every 5ms from the S-SCH is identical.  What we propose is that the S-SCH sequences transmitted in the first subframe are 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 this contribution we propose a S-SCH mapping scheme for the 1st and 6th subframe where the neighbour cell interference is taken into consideration when designing the mapping of the two short codes.
Our simulation results show that this small change can have a significant benefit in the synchronous environment.  Therefore as the complexity increase of such a scheme is negligible we propose this to be 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, s2), and (s1, s7), respectively. This is illustrated in Table 1 below.
Table 1
	Node B
	Repetition with Switch
	BPSK Modulation
	BPSK with Remapping
	Remapping

	1
	(s1, s2), (s2, s1)
	(s1, s2), (-s1, -s2)
	(s1, s2), (-s10, -s21)
	(s1, s2), (s10, s21)

	2
	(s1, s7), (s7, s1)
	(s1, s7), (-s1, -s7)
	(s1, s7), (-s11, -s17)
	(s1, s7), (s11, s17)

	Number of collisions of short sequences
	2
	2
	1
	1


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 3 specific examples of mapping schemes which reduce the number of collisions.  We assume that there are N hypotheses, with N equal to 170, 340 or 510 depending on the final decision of how much antenna information is transmitted.  Within a frame four short codes are transmitted (sa, sb) in the 1st subframe and (sc, sd) in the 6th subframe.  
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. If less than 510 hypothesis are used then only the first N sequences given in the spreadsheet should be used.  This method would require a lookup table. As there are at most 510 options the additional memory requirement is very limited.

[image: image1.emf]Microsoft Excel  Worksheet


The second example of a remapping scheme is based on a formula and was designed specifically for the N=340 case.   GroupID is represented by a number from 0-170, and TxNum an element of {0,1} the formula is 
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The third method for remapping involves encoding the (a,b) by a rate 1/2 reed Solomon code to produce (c,d).  By the properties of the Reed Solomon encoder the distance between the various sequences is maximized.  Thus the chosen sequence is
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Where rsenc is [4,2] Reed Solomon encoder based on GF(32).  However this encoder implicitly assumes that all sequences of (a,b) are viable inputs and thus for small values of N, it has marginally worse performance than the lookup table method.
Table 2:  Number of short sequence collisions for different mappings
	
	N=170
	N=340
	N=510

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

	Transmit the same SCH twice
	1480
	170
	6560
	340
	15240
	510

	Reverse Order
	1480
	170
	6560
	340
	15240
	510

	BPSK modulation
	1480
	170
	6560
	340
	15240
	510

	Lookup Table Remapping
	1480
	0
	6560
	0
	15253
	0

	Formula
	1995
	0
	6835
	0
	n/a
	n/a

	Reed Solomon
	1897
	0
	6808
	0
	15280
	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 Hadamard sequences of length 32, which are interleaved on a per subcarrier basis.  The remapping used is the lookup table version introduced above.  
	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: Affect of Planning of Cell ID detection for Edge Users
We can see that the inclusion of the simple permutation significantly 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 is different from that transmitted in the 6th subframe in order to randomize the interference.  This can be easily achieved with low complexity by adopting the mapping schemes proposed above. 
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32 different Short Codes

		Group ID		Transmit Antennas #		Short Sequence a		Short Sequence b		Short Sequence c		Short Sequence d

		0		1		1		2		2		1

		1		1		16		3		4		4

		2		1		9		24		16		26

		3		1		23		1		26		16

		4		1		30		14		3		17

		5		1		3		15		22		18

		6		1		25		11		8		29

		7		1		19		21		15		15

		8		1		24		22		25		3

		9		1		12		29		5		20

		10		1		31		32		30		9

		11		1		6		10		28		22

		12		1		13		9		17		7

		13		1		10		20		23		24

		14		1		4		31		19		30

		15		1		17		19		27		12

		16		1		21		25		29		32

		17		1		11		30		7		19

		18		1		18		7		11		10

		19		1		8		8		31		14

		20		1		22		4		20		31

		21		1		20		12		24		11

		22		1		14		16		21		27

		23		1		29		18		13		21

		24		1		15		6		6		6

		25		1		2		23		14		5

		26		1		28		26		9		23

		27		1		32		5		12		25

		28		1		27		17		32		8

		29		1		7		28		1		13

		30		1		26		13		18		2

		31		1		5		27		10		28

		32		1		1		32		19		32

		33		1		9		31		12		19

		34		1		27		9		30		17

		35		1		19		13		8		7

		36		1		7		1		18		21

		37		1		4		25		9		10

		38		1		24		30		20		16

		39		1		32		23		3		9

		40		1		21		14		17		26

		41		1		22		2		32		15

		42		1		8		21		25		12

		43		1		20		5		4		30

		44		1		13		19		7		11

		45		1		31		18		24		29

		46		1		18		29		31		23

		47		1		30		22		28		14

		48		1		14		27		14		24

		49		1		23		10		13		13

		50		1		16		11		22		22

		51		1		6		8		2		31

		52		1		5		12		6		2

		53		1		29		16		23		4

		54		1		28		3		15		20

		55		1		11		17		29		28

		56		1		2		6		11		25

		57		1		17		15		21		5

		58		1		12		26		1		1

		59		1		25		7		27		18

		60		1		10		4		10		8

		61		1		26		20		5		6

		62		1		15		24		26		27

		63		1		3		28		31		3

		64		1		3		32		16		31

		65		1		15		19		30		28

		66		1		14		25		23		17

		67		1		6		3		6		21

		68		1		19		31		21		6

		69		1		2		18		25		19

		70		1		5		30		9		22

		71		1		7		24		22		7

		72		1		25		6		13		16

		73		1		16		29		3		13

		74		1		12		13		19		8

		75		1		23		14		16		10

		76		1		31		15		1		3

		77		1		30		23		4		18

		78		1		13		26		24		12

		79		1		10		17		18		32

		80		1		8		22		5		26

		81		1		26		10		8		20

		82		1		24		20		12		9

		83		1		22		1		14		29

		84		1		32		27		17		4

		85		1		9		11		32		24

		86		1		27		16		2		14

		87		1		17		5		28		2

		88		1		21		12		7		5

		89		1		1		9		20		27

		90		1		20		4		29		25

		91		1		28		28		27		30

		92		1		11		8		15		11

		93		1		4		7		10		1

		94		1		29		21		11		23

		95		1		18		27		26		15

		96		1		21		2		23		2

		97		1		16		32		8		23

		98		1		32		13		22		6

		99		1		6		12		32		9

		100		1		12		22		29		7

		101		1		24		7		13		32

		102		1		19		20		7		20

		103		1		23		15		17		31

		104		1		7		10		3		18

		105		1		28		29		12		24

		106		1		20		23		5		22

		107		1		17		24		10		15

		108		1		14		30		6		25

		109		1		10		5		27		10

		110		1		29		6		31		19

		111		1		8		28		28		16

		112		1		15		25		24		3

		113		1		30		1		25		27

		114		1		5		11		2		26

		115		1		22		19		15		30

		116		1		4		21		18		28

		117		1		11		3		16		1

		118		1		3		4		9		5

		119		1		25		31		14		4

		120		1		18		16		1		11

		121		1		27		2		11		29

		122		1		26		14		26		14

		123		1		2		8		19		17

		124		1		9		26		30		13

		125		1		31		17		4		12

		126		1		13		18		21		8

		127		1		1		16		5		21

		128		1		31		9		29		2

		129		1		32		25		20		15

		130		1		16		20		18		1

		131		1		1		29		7		12

		132		1		20		18		22		3

		133		1		4		6		32		31

		134		1		11		13		6		5

		135		1		27		32		27		13

		136		1		21		15		16		8

		137		1		28		24		30		19

		138		1		17		14		1		4

		139		1		7		26		11		14

		140		1		2		19		12		16

		141		1		19		11		26		23

		142		1		15		27		2		20

		143		1		3		12		17		21

		144		1		10		3		13		22

		145		1		24		23		23		25

		146		1		8		9		4		29

		147		1		14		22		24		18

		148		1		25		10		31		28

		149		1		23		30		28		6

		150		1		6		31		15		7

		151		1		26		2		25		30

		152		1		22		8		8		10

		153		1		30		5		19		24

		154		1		29		17		10		11

		155		1		9		7		20		17

		156		1		12		21		3		26

		157		1		13		1		9		32

		158		1		5		4		14		9

		159		1		20		28		21		32

		160		1		18		19		23		27

		161		1		31		12		13		30

		162		1		19		10		10		2

		163		1		8		6		16		7

		164		1		4		26		12		6

		165		1		16		14		5		19

		166		1		5		1		7		31

		167		1		1		20		17		18

		168		1		2		7		18		12

		169		1		6		22		22		5

		0		2		21		9		25		13

		1		2		12		11		4		28

		2		2		13		31		27		3

		3		2		32		3		14		26

		4		2		17		16		19		1

		5		2		15		29		11		16

		6		2		14		13		9		4

		7		2		28		23		29		27

		8		2		10		24		24		9

		9		2		3		2		28		17

		10		2		22		15		26		25

		11		2		24		32		3		11

		12		2		9		30		15		23

		13		2		30		25		21		20

		14		2		18		4		30		29

		15		2		26		17		1		21

		16		2		29		5		32		22

		17		2		25		28		6		24

		18		2		7		18		31		10

		19		2		11		27		20		14

		20		2		31		6		10		18

		21		2		23		19		5		7

		22		2		27		14		23		32

		23		2		22		21		2		2

		24		2		8		26		18		9

		25		2		19		2		13		12

		26		2		20		20		15		8

		27		2		1		17		12		30

		28		2		27		29		8		15

		29		2		10		32		7		6

		30		2		5		10		30		32

		31		2		7		7		28		19

		32		2		8		1		17		17

		33		2		16		13		10		31

		34		2		17		12		16		24

		35		2		23		8		9		8

		36		2		2		9		2		28

		37		2		4		19		26		18

		38		2		19		14		4		1

		39		2		32		1		21		3

		40		2		13		25		6		26

		41		2		20		30		3		10

		42		2		24		5		5		13

		43		2		14		8		20		22

		44		2		26		22		27		19

		45		2		11		15		32		30

		46		2		30		7		8		25

		47		2		12		31		16		27

		48		2		18		20		14		12

		49		2		29		24		1		5

		50		2		5		18		29		15

		51		2		28		10		24		16

		52		2		31		26		31		20

		53		2		3		27		12		8

		54		2		4		13		13		11

		55		2		17		11		25		14

		56		2		9		21		28		31

		57		2		16		4		11		32

		58		2		21		19		19		23

		59		2		1		28		26		7

		60		2		12		12		18		6

		61		2		23		16		22		17

		62		2		25		23		30		20

		63		2		7		17		23		29

		64		2		15		2		15		4

		65		2		24		6		17		30

		66		2		2		15		20		21

		67		2		30		3		7		16

		68		2		6		14		31		24

		69		2		20		24		12		2

		70		2		27		5		17		9

		71		2		19		3		23		3

		72		2		25		29		16		21

		73		2		10		25		19		5

		74		2		15		1		13		10

		75		2		8		4		1		27

		76		2		29		9		22		14

		77		2		28		18		3		1

		78		2		31		16		27		28

		79		2		16		28		25		26

		80		2		21		22		8		11

		81		2		13		8		14		15

		82		2		1		30		10		13

		83		2		22		31		5		23

		84		2		30		26		29		22

		85		2		6		13		21		29

		86		2		14		3		11		31

		87		2		18		23		2		17

		88		2		11		12		31		7

		89		2		23		11		6		4

		90		2		26		32		4		16

		91		2		32		21		32		20

		92		2		9		17		24		25

		93		2		27		20		9		2

		94		2		5		29		15		18

		95		2		2		27		30		31

		96		2		29		10		18		25

		97		2		4		32		23		12

		98		2		3		8		10		6

		99		2		17		2		7		8

		100		2		9		6		8		3

		101		2		20		11		20		19

		102		2		14		7		5		14

		103		2		3		16		24		24

		104		2		22		25		16		22

		105		2		11		28		3		6

		106		2		24		27		19		7

		107		2		19		19		9		13

		108		2		6		9		13		15

		109		2		10		30		21		18

		110		2		13		20		1		23

		111		2		18		31		25		21

		112		2		28		4		26		26

		113		2		5		15		12		4

		114		2		15		22		18		30

		115		2		21		23		28		1

		116		2		4		14		11		2

		117		2		32		7		6		11

		118		2		2		24		17		10

		119		2		26		1		22		9

		120		2		23		5		7		27

		121		2		1		12		23		28

		122		2		12		10		14		31

		123		2		7		3		32		32

		124		2		16		6		28		5

		125		2		17		32		29		29

		126		2		30		18		10		12

		127		2		25		15		4		10

		128		2		8		12		27		22

		129		2		31		21		6		1

		130		2		3		24		2		25

		131		2		15		5		14		19

		132		2		21		26		3		29
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