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1. Introduction
In RAN1#49bis, a secondary SYNC code (SSC) structure composed of 2 segments of M-sequence with interleaved mapping was agreed upon along with the following aspects [1]: 

· 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

· 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

This document proposes the refinement of the above decisions based on the input from various companies:
1. The swapped mapping allows simple combining across sub-frames for frame timing detection [2–6]. The swapped mapping is further enhanced by judicious choice of SSC mapping as demonstrated in [2–5]. 
2. The PSC-based + secondary SSC-segment-1-based scrambling (working assumption) ensures robust neighboring cell search performance [2, 3, 4, 7, 8]. 
2. Proposed Way Forward 
We first define the SSC mapping/encoding scheme, which is the mapping between the pair of the two length-31 sequences and the system information: cell ID group (170 hypotheses) and radio frame timing (2 hypotheses). Then, we define the SSC scrambling operations. 
2.1. SSC Encoding
Define (I1, I2) as the pair of indices of the length-31 sequence corresponding to the first and second segments, respectively. Ii=k indicates the length-31 sequence generated from cyclically shifting the M-sequence by k samples. 
For the n-th cell ID group (n=0,1, …, 169), define the following parameters:
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Then, the first frame timing hypothesis (corresponding to sub-frame 0) is associated with 
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The second frame timing hypothesis (corresponding to sub-frame 5) is associated with 
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The above pairing can be tabularized as shown below (Table 1).
Table 1. Mapping between SSC index pairing and cell ID group n
	n
	S1(n)
	S2(n)
	n
	S1(n)
	S2(n)
	n
	S1(n)
	S2(n)
	n
	S1(n)
	S2(n)
	n
	S1(n)
	S2(n)

	0
	   0
	     1
	34
	     4
	     6
	68
	     9
	    12
	102
	    15
	    19
	136
	    22
	    27

	1
	     1
	     2
	35
	     5
	     7
	69
	    10
	    13
	103
	    16
	    20
	137
	    23
	    28

	2
	     2
	     3
	36
	     6
	     8
	70
	    11
	    14
	104
	    17
	    21
	138
	    24
	    29

	3
	     3
	     4
	37
	     7
	     9
	71
	    12
	    15
	105
	    18
	    22
	139
	    25
	    30

	4
	     4
	     5
	38
	     8
	    10
	72
	    13
	    16
	106
	    19
	    23
	140
	     0
	     6

	5
	     5
	     6
	39
	     9
	    11
	73
	    14
	    17
	107
	    20
	    24
	141
	     1
	     7

	6
	     6
	     7
	40
	    10
	    12
	74
	    15
	    18
	108
	    21
	    25
	142
	     2
	     8

	7
	     7
	     8
	41
	    11
	    13
	75
	    16
	    19
	109
	    22
	    26
	143
	     3
	     9

	8
	     8
	     9
	42
	    12
	    14
	76
	    17
	    20
	110
	    23
	    27
	144
	     4
	    10

	9
	     9
	    10
	43
	    13
	    15
	77
	    18
	    21
	111
	    24
	    28
	145
	     5
	    11

	10
	    10
	    11
	44
	    14
	    16
	78
	    19
	    22
	112
	    25
	    29
	146
	     6
	    12

	11
	    11
	    12
	45
	    15
	    17
	79
	    20
	    23
	113
	    26
	    30
	147
	     7
	    13

	12
	    12
	    13
	46
	    16
	    18
	80
	    21
	    24
	114
	     0
	     5
	148
	     8
	    14

	13
	    13
	    14
	47
	    17
	    19
	81
	    22
	    25
	115
	     1
	     6
	149
	     9
	    15

	14
	    14
	    15
	48
	    18
	    20
	82
	    23
	    26
	116
	     2
	     7
	150
	    10
	    16

	15
	    15
	    16
	49
	    19
	    21
	83
	    24
	    27
	117
	     3
	     8
	151
	    11
	    17

	16
	    16
	    17
	50
	    20
	    22
	84
	    25
	    28
	118
	     4
	     9
	152
	    12
	    18

	17
	    17
	    18
	51
	    21
	    23
	85
	    26
	    29
	119
	     5
	    10
	153
	    13
	    19

	18
	    18
	    19
	52
	    22
	    24
	86
	    27
	    30
	120
	     6
	    11
	154
	    14
	    20

	19
	    19
	    20
	53
	    23
	    25
	87
	     0
	     4
	121
	     7
	    12
	155
	    15
	    21

	20
	    20
	    21
	54
	    24
	    26
	88
	     1
	     5
	122
	     8
	    13
	156
	    16
	    22

	21
	    21
	    22
	55
	    25
	    27
	89
	     2
	     6
	123
	     9
	    14
	157
	    17
	    23

	22
	    22
	    23
	56
	    26
	    28
	90
	     3
	     7
	124
	    10
	    15
	158
	    18
	    24

	23
	    23
	    24
	57
	    27
	    29
	91
	     4
	     8
	125
	    11
	    16
	159
	    19
	    25

	24
	    24
	    25
	58
	    28
	    30
	92
	     5
	     9
	126
	    12
	    17
	160
	    20
	    26

	25
	    25
	    26
	59
	     0
	     3
	93
	     6
	    10
	127
	    13
	    18
	161
	    21
	    27

	26
	    26
	    27
	60
	     1
	     4
	94
	     7
	    11
	128
	    14
	    19
	162
	    22
	    28

	27
	    27
	    28
	61
	     2
	     5
	95
	     8
	    12
	129
	    15
	    20
	163
	    23
	    29

	28
	    28
	    29
	62
	     3
	     6
	96
	     9
	    13
	130
	    16
	    21
	164
	    24
	    30

	29
	    29
	    30
	63
	     4
	     7
	97
	    10
	    14
	131
	    17
	    22
	165
	     0
	     7

	30
	     0
	     2
	64
	     5
	     8
	98
	    11
	    15
	132
	    18
	    23
	166
	     1
	     8

	31
	     1
	     3
	65
	     6
	     9
	99
	    12
	    16
	133
	    19
	    24
	167
	     2
	     9

	32
	     2
	     4
	66
	     7
	    10
	100
	    13
	    17
	134
	    20
	    25
	168
	      3
	    10

	33
	     3
	     5
	67
	     8
	    11
	101
	    14
	    18
	135
	    21
	    26
	169
	      4
	    11


2.2. SSC Scrambling Scheme

Denoting the length-31 sequence in the first and second segments as 
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 is a pair of length-31 PSC-dependent scrambling sequences (
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· There is a 1-to-1 relation between the pair and the PSC index. Hence, a total of six length-31 sequences are needed. 
· The six sequences are derived from the cyclic shifts of the M-sequence with the primitive polynomial 
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is the length-31 scrambling sequence which depends on I1 (the index of the first segment SSC). 
· A set of Q length-31 codes 
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 is defined. 
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· The Q sequences are derived from the cyclic shifts of the M-sequence with the generator polynomial 
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· Q = 8 is proposed to keep the number of codes small while ensuring good performance.
3. Conclusion
We propose that the above way forward is captured in TS36.211 [9].
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Appendix:  Decoder

A simple SSC decoder can be obtained as follows. From (1), we have
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while k follows from (2) to be
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Thus, n follows from (2), as 
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The above decoder works if the two transmitted symbols are received correctly, and if the ordering of these symbols within a codeword is known at the receiver. As the actual correct ordering of the symbols in the received codeword is not known in advance at the receiver, it is needed to detect first the correct frame timing (for example, by checking whether the first received symbols is smaller than the second received symbol in the same codeword), and then apply the decoder (4)-(6). 
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