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1. Introduction

In the RAN1#49bis meeting, the scrambling method for S-SCH was agreed. The 1st and 2nd S-SCH short codes are scrambled with a binary scrambling code depending on the P-SCH index [1]. The scrambling method for the 2nd S-SCH short code with a scrambling code corresponding to the index of the 1st S-SCH short code was proposed in [2].
This document investigates the neighbor cell search performance using the proposed scrambling method for the 2nd S-SCH short code.

From the simulation results, the following conclusions are drawn.
· In the case where there is a different P-SCH between cells, the additional cell search performance gain using the scrambling method for the 2nd S-SCH short code with a scrambling code corresponding to the index of the 1st S-SCH short code is modest, due to the adequate protection offered by the P-SCH indexed scrambling code.
· However, in case of having a common P-SCH between cells, the scrambling method for the 2nd S-SCH short code with a scrambling code corresponding to the index of the 1st S-SCH short code provides a significant improvement in neighbour cell search performance.
· The 1st and 2nd S-SCH code indices should be distributed over the available code index space of 0-30, but in a closely coordinated fashion. That is, neglecting index range edge effects, if the 1st code index is 
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, the set of applicable 2nd code indices 
[image: image2.wmf]j

 occupy the range 
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. It is not necessary to constrain the range of the 1st S-SCH index due to complexity considerations.
2. Scrambling for S-SCH

This section describes the scrambling for S-SCH and scrambling codes. As the frame boundary indication method, the swapping method [3][4] is assumed in terms of cell search performance. This approach can mitigate the inter-cell interference by averaging two S-SCH symbols in a frame even if the Doppler frequency is low.
The scrambling code depending on the P-SCH index is an M-sequence of length 63. The scrambling code for the 2nd S-SCH short code corresponding to the index of the 1st S-SCH is also an M-sequence. The sequence length is 31. The cyclic shift value corresponds to the index number of the 1st S-SCH short code. The scrambling code for each S-SCH short code of 0th sub-frame should be different from that of 5th sub-frame to mitigate the inter-cell interference.
Therefore, the S-SCH symbols of 0th and 5th sub-frame are represented by [pk * si,  rk * qi * sj] and [pk * qi * sj,  rk * si], respectively. pk and rk are the scrambling codes depending on the P-SCH index. qi is the scrambling code for the 2nd S-SCH short code corresponding to the index of the 1st S-SCH short code. si is the 1st S-SCH short code. sj is the 2nd S-SCH short code.
3. Evaluations and S-SCH Index Mapping Methods
In this section, neighbor cell search performance using the scrambling method for the 2nd S-SCH short code with a scrambling code corresponding to the index of the 1st S-SCH short code are investigated in the case of having different P-SCH and common P-SCH sequences between cells. 
Two mapping methods of S-SCH short code index to cell group index are used here for evaluation purposes. Method-1 utilizes all available indices and minimizes the frequency of usage of each index. Method-2 minimizes the number of indices utilized by si and, given that condition, then evens out the frequency of usage of each sj index. This approach has the side-effect of reducing the number of descrambling functions required to identify sj, assuming a joint, or non-sequential approach to detection is implemented. Note that an assessment of the reduction in hardware complexity achievable by constraining the 1st code index range indicates little  impact, and so we see detection performance as the more important consideration.
In order to permit unambiguous frame timing identification, the indices used by si are not adopted for sj. The Annex defines the index list utilized by each method, to provide a total of 170 code group indices.
3.1. Simulation parameters

Simulation parameters are shown in Table 1. The two synchronous cells model is assumed. The average received signal power ratio of cell-1 to cell-2 is -6dB. The cell search time performances for detecting the cell-1 are investigated to evaluate neighbor cell search performance. 

The number of occupied sub-carriers by SCH is 63 including a DC sub-carrier. Therefore, the number of valid sub-carriers is 62. The sequence length of both P-SCH and S-SCH is 62. The power ratio of P-SCH to S-SCH is 0dB.

The ZC sequence length for the P-SCH sequence is 63. The 32nd sample is truncated to map the P-SCH sequence on the valid sub-carriers. The P-SCH sequence index of cell-1 is 29. The P-SCH sequence index of cell-2 is 34.

The S-SCH sequence is an M-sequence [5]. The S-SCH consists of two S-SCH short codes. The sequence length of each code is 31. The primitive polynomial is x^5+x^2+1. The sequence is mapped on the valid sub-carriers by the interleaved mapping method. The power ratio of 1st S-SCH short code to 2nd S-SCH short code is 0dB. 

The scrambling code depending on the P-SCH index is based on the M-sequence. The sequence length is 63. The primitive polynomial is x^6+x+1. The initial value of shift register is 0x20, 0x10 or 0x08. The initial value depends on the P-SCH index. The 32nd sample of M-sequence is truncated.
The scrambling code for 2nd S-SCH short code is based on the M-sequence. The primitive polynomial is x^5+ x^4+ x^2+x+1. The sequence length is 31. The initial value of shift register is 0x01 in case of the index of the 1st S-SCH short code is 0. The scrambling code for 2nd S-SCH short code is cyclically shifted to generate the scrambling code corresponding to the index of the 1st S-SCH short code. The cyclic shift value is the index number of the 1st S-SCH short code.
The frequency offset between Node-B and UE is +/-0.1ppm. The channel model is the 6-path GSM Typical Urban model. The vehicle speed is 3km/h. It is assumed that the receiver knows the CP length. The cell group index is randomly assigned to each cell in the respective simulation. Here, the cell group index of each cell is different from others.
3.2. Simulation results

Figure 1 and Figure 2 show the cell search performances in cases of having different P-SCH and common P-SCH, respectively for both . In the case of different P-SCH codes between cells, the additional cell search performance gain using the scrambling method for the 2nd S-SCH short code with a scrambling code corresponding to the index of the 1st S-SCH short code is modest. However, in the case of having common P-SCH codes between cells, the scrambling method for the 2nd S-SCH short code with a scrambling code corresponding to the index of the 1st S-SCH short code significantly improves the neighbour cell search performance. 
Figure 1 and – more significantly – Figure 2 are also useful in comparing S-SCH index selection using S-SCH allocation Methods 1 and 2 defined in the Annex. It can be seen from Figure 2 that when the 2nd-SCH scrambling method is enabled, at the 90%-ile level, S-SCH code index distribution of Method 1 reduces cell search time from 30ms to 20ms over Method 2.  Since, even in the presence of 2nd S-SCH code descrambling, Method 1 has little complexity increase over Method2, Method 1 is preferred.
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(a) Method-1 
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 Figure 1 : cell search time performances in case of having different P-SCH 
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(a) Method-1 
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 Figure 2 : cell search time performances in case of having common P-SCH 
Table 1 : Simulation parameters 

	Number of occupied sub-carriers by SCH
	63 (including DC sub-carrier)

	Sub-carrier spacing
	15 kHz

	SCH occupied bandwidth
	0.96MHz

	Number of OFDM symbols per radio frame
	140 (normal CP length)

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	4 (2,2)

	OFDM symbol timing detection method
	No-partitioned correlation method

	Frequency offset estimation method
	2-partitioned partial correlation method

	P-SCH design
	Frequency domain ZC sequences (length=63, 32nd    sample is truncated)

	Number of indices provided by P-SCH
	3 (index=29, 34, 25)

	S-SCH design
	Interleaved two M-sequence (31-length) 

	Scrambling code for two S-SCH short codes
	M-sequence (63-length, 32nd sample is truncated)

	Scrambling code for 2nd S-SCH short code
	M-sequence (31-length)

	S-SCH index detection method
	Coherent detection 

	Receiver sampling rate
	1.92MHz

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	+/-0.1ppm (uniform distribution)

	Multi-cell model
	Two - cell model

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h
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Annex
- Mapping of S-SCH short code index to cell group index -
	ID 
	
	Method-1
	
	Method-2

	
	　
	Si
	Sj
	
	Si
	Sj

	0
	　
	0
	1
	
	0
	7

	1
	　
	0
	2
	
	0
	8

	2
	　
	0
	3
	
	0
	9

	3
	　
	0
	4
	
	0
	10

	4
	　
	0
	5
	
	0
	11

	5
	　
	0
	6
	
	0
	12

	6
	　
	1
	2
	
	0
	13

	7
	　
	1
	3
	
	0
	14

	8
	　
	1
	4
	
	0
	15

	9
	　
	1
	5
	
	0
	16

	10
	　
	1
	6
	
	0
	17

	11
	　
	1
	7
	
	0
	18

	12
	　
	2
	3
	
	0
	19

	13
	　
	2
	4
	
	0
	20

	14
	　
	2
	5
	
	0
	21

	15
	　
	2
	6
	
	0
	22

	16
	　
	2
	7
	
	0
	23

	17
	　
	2
	8
	
	0
	24

	18
	　
	3
	4
	
	0
	25

	19
	　
	3
	5
	
	0
	26

	20
	　
	3
	6
	
	0
	27

	21
	　
	3
	7
	
	0
	28

	22
	　
	3
	8
	
	0
	29

	23
	　
	3
	9
	
	0
	30

	24
	　
	4
	5
	
	1
	7

	25
	　
	4
	6
	
	1
	8

	26
	　
	4
	7
	
	1
	9

	27
	　
	4
	8
	
	1
	10

	28
	　
	4
	9
	
	1
	11

	29
	　
	4
	10
	
	1
	12

	30
	　
	5
	6
	
	1
	13

	31
	　
	5
	7
	
	1
	14

	32
	　
	5
	8
	
	1
	15

	33
	　
	5
	9
	
	1
	16

	34
	　
	5
	10
	
	1
	17

	35
	　
	5
	11
	
	1
	18

	36
	　
	6
	7
	
	1
	19

	37
	　
	6
	8
	
	1
	20

	38
	　
	6
	9
	
	1
	21

	39
	　
	6
	10
	
	1
	22

	40
	　
	6
	11
	
	1
	23

	41
	　
	6
	12
	
	1
	24

	42
	　
	7
	8
	
	1
	25

	43
	　
	7
	9
	
	1
	26

	44
	　
	7
	10
	
	1
	27

	45
	　
	7
	11
	
	1
	28

	46
	　
	7
	12
	
	1
	29

	47
	　
	7
	13
	
	1
	30

	48
	　
	8
	9
	
	2
	7

	49
	　
	8
	10
	
	2
	8

	50
	　
	8
	11
	
	2
	9

	51
	　
	8
	12
	
	2
	10

	52
	　
	8
	13
	
	2
	11

	53
	　
	8
	14
	
	2
	12

	54
	　
	9
	10
	
	2
	13

	55
	　
	9
	11
	
	2
	14

	56
	　
	9
	12
	
	2
	15

	57
	　
	9
	13
	
	2
	16

	58
	　
	9
	14
	
	2
	17

	59
	　
	9
	15
	
	2
	18

	60
	　
	10
	11
	
	2
	19

	61
	　
	10
	12
	
	2
	20

	62
	　
	10
	13
	
	2
	21


	63
	　
	10
	14
	
	2
	22

	64
	　
	10
	15
	
	2
	23

	65
	　
	10
	16
	
	2
	24

	66
	　
	11
	12
	
	2
	25

	67
	　
	11
	13
	
	2
	26

	68
	　
	11
	14
	
	2
	27

	69
	　
	11
	15
	
	2
	28

	70
	　
	11
	16
	
	2
	29

	71
	　
	11
	17
	
	2
	30

	72
	　
	12
	13
	
	3
	7

	73
	　
	12
	14
	
	3
	8

	74
	　
	12
	15
	
	3
	9

	75
	　
	12
	16
	
	3
	10

	76
	　
	12
	17
	
	3
	11

	77
	　
	12
	18
	
	3
	12

	78
	　
	13
	14
	
	3
	13

	79
	　
	13
	15
	
	3
	14

	80
	　
	13
	16
	
	3
	15

	81
	　
	13
	17
	
	3
	16

	82
	　
	13
	18
	
	3
	17

	83
	　
	13
	19
	
	3
	18

	84
	　
	14
	15
	
	3
	19

	85
	　
	14
	16
	
	3
	20

	86
	　
	14
	17
	
	3
	21

	87
	　
	14
	18
	
	3
	22

	88
	　
	14
	19
	
	3
	23

	89
	　
	14
	20
	
	3
	24

	90
	　
	15
	16
	
	3
	25

	91
	　
	15
	17
	
	3
	26

	92
	　
	15
	18
	
	3
	27

	93
	　
	15
	19
	
	3
	28

	94
	　
	15
	20
	
	3
	29

	95
	　
	15
	21
	
	3
	30

	96
	　
	16
	17
	
	4
	7

	97
	　
	16
	18
	
	4
	8

	98
	　
	16
	19
	
	4
	9

	99
	　
	16
	20
	
	4
	10

	100
	　
	16
	21
	
	4
	11

	101
	　
	16
	22
	
	4
	12

	102
	　
	17
	18
	
	4
	13

	103
	　
	17
	19
	
	4
	14

	104
	　
	17
	20
	
	4
	15

	105
	　
	17
	21
	
	4
	16

	106
	　
	17
	22
	
	4
	17

	107
	　
	17
	23
	
	4
	18

	108
	　
	18
	19
	
	4
	19

	109
	　
	18
	20
	
	4
	20

	110
	　
	18
	21
	
	4
	21

	111
	　
	18
	22
	
	4
	22

	112
	　
	18
	23
	
	4
	23

	113
	　
	18
	24
	
	4
	24

	114
	　
	19
	20
	
	4
	25

	115
	　
	19
	21
	
	4
	26

	116
	　
	19
	22
	
	4
	27

	117
	　
	19
	23
	
	4
	28

	118
	　
	19
	24
	
	4
	29

	119
	　
	19
	25
	
	4
	30

	120
	　
	20
	21
	
	5
	7

	121
	　
	20
	22
	
	5
	8

	122
	　
	20
	23
	
	5
	9

	123
	　
	20
	24
	
	5
	10

	124
	　
	20
	25
	
	5
	11

	125
	　
	20
	26
	
	5
	12

	126
	　
	21
	22
	
	5
	13

	127
	　
	21
	23
	
	5
	14

	128
	　
	21
	24
	
	5
	15

	129
	　
	21
	25
	
	5
	16

	130
	　
	21
	26
	
	5
	17

	131
	　
	21
	27
	
	5
	18

	132
	　
	22
	23
	
	5
	19

	133
	　
	22
	24
	
	5
	20

	134
	　
	22
	25
	
	5
	21

	135
	　
	22
	26
	
	5
	22

	136
	　
	22
	27
	
	5
	23

	137
	　
	22
	28
	
	5
	24

	138
	　
	23
	24
	
	5
	25

	139
	　
	23
	25
	
	5
	26

	140
	　
	23
	26
	
	5
	27

	141
	　
	23
	27
	
	5
	28

	142
	　
	23
	28
	
	5
	29

	143
	　
	23
	29
	
	5
	30

	144
	　
	24
	25
	
	6
	7

	145
	　
	24
	26
	
	6
	8

	146
	　
	24
	27
	
	6
	9

	147
	　
	24
	28
	
	6
	10

	148
	　
	24
	29
	
	6
	11

	149
	　
	24
	30
	
	6
	12

	150
	　
	25
	26
	
	6
	13

	151
	　
	25
	27
	
	6
	14

	152
	　
	25
	28
	
	6
	15

	153
	　
	25
	29
	
	6
	16

	154
	　
	25
	30
	
	6
	17

	155
	　
	26
	27
	
	6
	18

	156
	　
	26
	28
	
	6
	19

	157
	　
	26
	29
	
	6
	20

	158
	　
	26
	30
	
	6
	21

	159
	　
	27
	28
	
	6
	22

	160
	　
	27
	29
	
	6
	23

	161
	　
	27
	30
	
	6
	24

	162
	　
	28
	29
	
	6
	25

	163
	　
	28
	30
	
	6
	26

	164
	　
	29
	30
	
	6
	27

	165
	　
	0
	7
	
	6
	28

	166
	　
	1
	8
	
	6
	29

	167
	　
	2
	9
	
	6
	30

	168
	　
	3
	10
	
	
	

	169
	　
	4
	11
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