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1. Introduction
In RAN1#49bis, a secondary SYNC code (SSC) structure composed of 2 segments of M-sequence was agreed upon along with two types of scrambling: 

1. PSC-based scrambling: The use of PSC-based scrambling is affective in randomizing the interfering S-SCH signals associated with different PSC’s but with at least one identical SSC segment [1]. 
2. An additional (secondary) scrambling of the second SSC segment based on the first SSC segment was also agreed with the details FFS [2]. 
The motivation of the second scrambling is to avoid ambiguity events during the neighboring cell search when multiple M-sequences are detected for each of the 2 SSC segments. For example, if two M-sequences are detected for each segment, there are a total of 4 possibilities where some of which may not be valid [3].
In addition to the ambiguity problem for the neighboring cell search, the so-called the “SSC collision event” was also addressed in [4, 5]. Here, “collision” is defined when one (and only one) of the SSC segments is identical for several SSC sequences. A remapping scheme was proposed in [4] where the SSC mapping for the second S-SCH symbol in each frame is altered to avoid collision in two consecutive S-SCH symbols. 
In this contribution, we study the ambiguity and collision problems in relation to the SSC scrambling and mapping schemes. It is demonstrated that:
· The swapped mapping (see, e.g. [6, 7]) with a careful sequence pairing reduces the number of ambiguity and collision events. 
· The secondary scrambling is beneficial for ensuring a robust neighboring cell search performance as the ambiguity problem cannot be fully avoided with any mapping scheme. 
2. SSC Detection Ambiguity and Collision in Neighboring Cell Search
We now look into the ambiguity [3] and collision [4] problems by first identifying different combinations of PSC, SSC1 (segment 1), and SSC2 (segment 2). Assume a neighboring cell search scenario in synchronous network with 2 cell IDs associated with (PSC, SSC1, SSC2) = (Pa, S1a, S2a) and (Pb, S1b, S2b). There are 8 possible scenarios (see Figure 1 and Table 1).   
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Figure 1. Neighboring cell search scenario
Table 1. 8 scenarios for PSC, SSC1, SSC2 triplet

	No.
	Pa & Pb
	S1a & S1b
	S2a & S2b
	Problem

	1
	Same
	Same
	Same
	n/a

	2
	Same
	Same
	Different
	Collision + Phase mismatch

	3
	Same
	Different
	Same
	Collision + Phase mismatch

	4
	Same
	Different
	Different
	Ambiguity + Phase mismatch

	5
	Different
	Same
	Same
	Phase mismatch

	6
	Different
	Same
	Different
	Collision + Phase mismatch

	7
	Different
	Different
	Same
	Collision + Phase mismatch

	8
	Different
	Different
	Different
	Ambiguity + Phase mismatch


By further analyzing the above table and the definitions, we observe the following:

1. When collision occurs (only 1 segment is the same), ambiguity does not occur since ambiguity requires the two segments be different. The converse also holds. 
2. Phase mismatch occurs whenever the channel seen by the PSC is significantly different from that seen by at least 1 segment of the SSC. Here, phase mismatch is defined in the context of the two cell IDs in the neighboring cells. Other than the increase in phase mismatch, collision in the SSC design results in a lower minimum distance for the overall SSC. 
3. To avoid a particular ambiguity, the other two cross combinations must not be valid. That is, if the two SSCs are {X1, X2) and (Y1, Y2) with X1≠Y1 and X2≠Y2, the cross combinations (X1, Y2) and (X2, Y1) must not be valid SSCs codes. To fully avoid ambiguity and collision, there must be a 1-to-1 correspondence between segment 1 and segment 2 of the SSC. 
4. Scenario 1 can happen due to a poor/incidental cell ID assignment in which there is nothing to be done. Assuming an ideal cell ID assignment, scenario 2, 3, and 4 are typically second-tier interference and scenario 5, 6, 7, and 8 correspond to first-tier interference. 
5. The first PSC-based scrambling mitigates the ambiguity and collision in scenario 5, 6, 7, and 8. This is because the colliding and interfering S-SCH signals are suppressed after descrambling due to their different PSCs. The suppression effect is also enhanced by the use of coherent SSC detection since the different channels experienced by the two SSCs are now used to separate the SSCs.
2.1. SSC Mapping Scheme
From observation 3, since there are a total of 170 cell ID groups and only 31 M-sequences per segment, it is infeasible to fully avoid ambiguity with any SSC mapping scheme. While full avoidance is impossible, it is desirable to choose a robust mapping scheme with minimum number of ambiguity and collision events.
Note that the remapping scheme proposed in [5] is designed only to avoid 2 consecutive collisions which essentially increases the minimum distance across 2 consecutive S-SCH symbols. This does not solve either the ambiguity or the collision problem (see observation 1) although it improves the detection performance if >1 S-SCH symbols are used for cell ID detection. Any other mapping scheme such as the simple [11] and swapped mapping [6, 7] are not intended to tackle those problems.  In general, any mapping scheme for the 2-segment S-SCH can be described in a 2D diagram as depicted in Figure 2. Assuming a total of 31 available M-sequences per segment, the x- and y-axis represent the sequence index for segment 1 and 2, respectively. The following principles can be drawn:
1. Rectangular mapping region should be avoided for a given radio frame timing hypothesis. This is because a rectangular mapping ensures results in 2 ambiguity events for a given SSC pair: if the two SSC mappings are {X1, X2) and (Y1, Y2) with X1≠Y1 and X2≠Y2, both of the two cross combinations (X1, Y2) and (X2, Y1) are a valid SSC mapping.

2. The number of collision and ambiguity events can be minimized when all the possible (S1,S2) pairs occupy a region which is parallel and as close as possible to the diagonal line of S1=S2 with minimum region width for a given radio frame timing. This ensures that minimum cross-over with the horizontal and vertical lines. 
3. The above principles are especially compatible and can be combined with the swapped mapping proposed in [6, 7]. In addition, the swapped mapping allows a simple combining for the cell ID group detection across 2 consecutive S-SCH symbols [10].
Figure 2 compares four different mapping schemes. Each mapping generates a total of 340 SSC hypotheses. The lower diagonal and swapped diagonal mappings are two examples that are designed based on the above principles. The occurrence of collision and ambiguity events is compared in Table 2. The statistics are computed across 340 values where each value corresponds to one SSC hypothesis. As evident, the simple and regular swapped mapping schemes result in high collision and ambiguity occurrence. The swapped diagonal mapping reduces the occurrence by ~2x over the regular swapped mapping. An example of the swapped diagonal mapping is given in Appendix A.
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Figure 2. Four SSC mapping schemes studied in this contribution. FT denotes the radio frame timing: (a) simple (11,31) [11], (b) swapped [6, 7], (c) lower diagonal (d) swapped diagonal
Table 2. The occurrence of collision and ambiguity events
	Mapping
	Collision
	Ambiguity

	
	Min/Median/Max
	Mean
	Min/Median/Max
	Mean

	Simple
	19/ 34/ 35
	33.0
	240/270/300
	271.1

	Swapped
	17/ 22/ 33
	22.6
	272/282/288
	281.6

	Lower Diagonal
	13/21/ 26
	20.6
	90/212/261
	203.0

	Swapped Diagonal
	6/12/12
	11.3
	70/130/170
	129.9


The number of distinct secondary scrambling sequences (the size of the secondary scrambling sequence set) is determined by the number of distinct sequences that is used for the first segment. Hence, the size of the secondary scrambling sequence set is 11, 19, 31, and 31 for the simple, swapped, lower diagonal, and swapped diagonal mappings, respectively. However, the size of the secondary scrambling sequence set does not impact the UE complexity regardless of the SSC detection algorithm:
1. With the serial detection (detect segment 1 first, then segment 2), only one de-scrambling operation needs to be performed on segment 2 regardless of the size of the scrambling sequence set. This is because the secondary scrambling sequence is uniquely specified with the sequence index for segment 1. Serial detection is sub-optimal when secondary scrambling is performed.   
2. With the joint detection (jointly detect segment 1 and 2), the total number of hypotheses (and hence the SSC codes) is still 340 regardless of the size of the scrambling sequence set. This is again due to the one-to-one correspondence between the segment-1 code index with the scrambling sequence. The complexity increase due to joint detection is small relative to the serial detection since the underlying SSC is binary (no multiplication is required).
One may also suspect that the mapping which employs a larger number of secondary scrambling sequences tends to perform worse when the serial SSC detection is used. This claim, however, is not warranted as demonstrated in Appendix C where the simple mapping is simulated with different configurations. 
2.2. SSC Scrambling Scheme

Since it is infeasible to fully avoid ambiguity with any mapping scheme, the second SSC scrambling (on segment 2 based on segment 1) (as proposed in [3]) must be used to reduce the ambiguity effect. In addition, we can conclude that the PSC-based scrambling on both segments is beneficial for mitigating the frequently occurring ambiguity and collision scenarios assuming ideal cell ID assignment. However, to anticipate practical scenarios where two neighboring cells may be assigned the same PSC, the second scrambling is beneficial for mitigating the ambiguity problem.
For the PSC-based scrambling, since the scrambling is performed on both the SSC segments, three length-63 PN sequences (truncated by 1 sample) can be used for the scrambling sequences.
For the secondary segment-1-dependent scrambling, it is important to ensure that the set of segment-1-dependent scrambling sequences is not obtained from the length-31 M-sequence set utilized for the SSC (cyclic shifts of
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 (which results in the all-zero codeword). This holds due to the shift register sequence property of M-sequences. Here, 
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 are 3 length-31 M-sequences generated from the same generator polynomial but with different cyclic shifts. Hence, the resulting set of segment-2 sequences (after scrambling) is of size 32 instead of 961. This certainly reduces, if not voids, the gain of the secondary scrambling. 
3. Simulation Results 
The simulation setup and results are given in this section.
3.1. Simulation Setup

The 2-cell neighboring cell search setup in [9] depicted in Figure 3 is used in this contribution. We define SIR as 
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. The 2 cells are synchronized. For the PSC-based scrambling, three cyclic shifted versions of a length-63 M-sequence are used. For the secondary scrambling, 31 scrambling sequences are generated from cyclically shifting a length-31 M-sequence with different generating polynomial 
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Figure 3. 2-cell simulation setup (figure taken from [9])
3.2. SSC Mapping and Scrambling
Figure 4 depicts the comparison of 3 different SSC scrambling schemes: 1) no scrambling, 2) PSC-based, 3) PSC+segment-1-based. The scenarios where the two neighboring cells have the same and different PSCs are simulated. The following can be observed from the results:
1. As expected, when the 2 cells are assigned different PSCs, the secondary scrambling gives no visible gain. However, some substantial gain is observed when the 2 cells are assigned the same PSC. 

2. The scrambling gain is lower with the swapped diagonal mapping since the mapping results in lower occurrence of collision and ambiguity compared to the others.
It is also informative to see the performance gain of different SSC scrambling schemes for a fixed SSC assignment assuming the swapped diagonal mapping. Two SSC assignments are simulated: 

1. (S1a,S2a) = (0,1) for cell A and (S1b,S2b) = (1,2) for cell B ( one ambiguity event (S1c,S2c)=(0,2).

2. (S1a,S2a) = (0,1) for cell A and (S1b,S2b) = (2,3) for cell B ( two ambiguity events (S1c,S2c)=(0,3) and (S1d,S2d)=(2,1).

The performance comparison is depicted in Figure 5. Notice that the performance gain of the secondary scrambling is approximately the same assuming that cell A and B are assigned the same PSC. Interestingly, when cell A and B are assigned different PSCs, the gain of SSC scrambling (mainly PSC-based scrambling) is larger with 2 ambiguity events. While this might be related to a particular SSC assignment, the overall gain tends to be larger than that observed in Figure 4 since the ambiguity events are isolated in Figure 5.
3.3. Choice of Scrambling Sequence Set for Secondary Scrambling

To demonstrate the claim in Section 2.2 regarding the choice of secondary scrambling sequences, we assume the swapped diagonal mapping with PSC+segment-1-based SSC scrambling and compare the performance of the following two choices:

1. Code set = SSC (cyclic shifts of M-sequence with 
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2. Code set different from SSC (cyclic shifts of M-sequence with 
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The results are depicted in Figure 6. Evidently, the gain of the secondary scrambling is significantly reduced when the set of secondary scrambling sequences is chosen based on the same generating polynomial as the SSC.
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Figure 4. Cell ID detection for different SSC mapping and scrambling schemes
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Figure 5. Cell ID detection for a fixed SSC pair with 1 and 2 ambiguity events
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Figure 6. Cell ID detection for swapped diagonal SSC mapping with different sets of secondary scrambling sequences
4. Conclusions
In this contribution, we studied the ambiguity and collision problems in the neighboring cell search in relation to SSC scrambling and mapping schemes. It is demonstrated that:

· The swapped mapping with the diagonal pairing (the M-sequence index for segment 1 and 2 are as close as possible) minimizes the number of ambiguity and collision events. 
· The secondary SSC scrambling (based on the first segment of SSC) is beneficial for ensuring a robust neighboring cell search performance as the ambiguity problem cannot be fully avoided with any mapping scheme. 

Hence, we recommend the swapped SSC mapping with the diagonal sequence pairing be chosen in conjunction with the PSC-based + SSC-segment-1-based SSC scrambling for E-UTRA.
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Appendix A: Swapped Diagonal Mapping Examples
Two exemplary mappings for a particular frame timing hypothesis are given by (Si,Sj) below. For a given cell ID group hypothesis, the mapping/pairing for the complementary frame timing hypothesis is given as (Sj,Si). GID denotes the cell group ID.
Example 1

	GID
	Si
	Sj
	GID
	Si
	Sj
	GID
	Si
	Sj
	GID
	Si
	Sj
	GID
	Si
	Sj

	0
	     0
	     1
	34
	     4
	    11
	68
	     9
	    15
	102
	    14
	    19
	136
	    19
	    23

	1
	     0
	     2
	35
	     5
	     6
	69
	     9
	    16
	103
	    14
	    20
	137
	    19
	    24

	2
	     0
	     3
	36
	     5
	     7
	70
	    10
	    11
	104
	    14
	    21
	138
	    19
	    25

	3
	     0
	     4
	37
	     5
	     8
	71
	    10
	    12
	105
	    15
	    16
	139
	    19
	    26

	4
	     0
	     5
	38
	     5
	     9
	72
	    10
	    13
	106
	    15
	    17
	140
	    20
	    21

	5
	     0
	     6
	39
	     5
	    10
	73
	    10
	    14
	107
	    15
	    18
	141
	    20
	    22

	6
	     0
	     7
	40
	     5
	    11
	74
	    10
	    15
	108
	    15
	    19
	142
	    20
	    23

	7
	     1
	     2
	41
	     5
	    12
	75
	    10
	    16
	109
	    15
	    20
	143
	    20
	    24

	8
	     1
	     3
	42
	     6
	     7
	76
	    10
	    17
	110
	    15
	    21
	144
	    20
	    25

	9
	     1
	     4
	43
	     6
	     8
	77
	    11
	    12
	111
	    15
	    22
	145
	    20
	    26

	10
	     1
	     5
	44
	     6
	     9
	78
	    11
	    13
	112
	    16
	    17
	146
	    20
	    27

	11
	     1
	     6
	45
	     6
	    10
	79
	    11
	    14
	113
	    16
	    18
	147
	    21
	    22

	12
	     1
	     7
	46
	     6
	    11
	80
	    11
	    15
	114
	    16
	    19
	148
	    21
	    23

	13
	     1
	     8
	47
	     6
	    12
	81
	    11
	    16
	115
	    16
	    20
	149
	    21
	    24

	14
	     2
	     3
	48
	     6
	    13
	82
	    11
	    17
	116
	    16
	    21
	150
	    21
	    25

	15
	     2
	     4
	49
	     7
	     8
	83
	    11
	    18
	117
	    16
	    22
	151
	    21
	    26

	16
	     2
	     5
	50
	     7
	     9
	84
	    12
	    13
	118
	    16
	    23
	152
	    21
	    27

	17
	     2
	     6
	51
	     7
	    10
	85
	    12
	    14
	119
	    17
	    18
	153
	    21
	    28

	18
	     2
	     7
	52
	     7
	    11
	86
	    12
	    15
	120
	    17
	    19
	154
	    22
	    23

	19
	     2
	     8
	53
	     7
	    12
	87
	    12
	    16
	121
	    17
	    20
	155
	    22
	    24

	20
	     2
	     9
	54
	     7
	    13
	88
	    12
	    17
	122
	    17
	    21
	156
	    22
	    25

	21
	     3
	     4
	55
	     7
	    14
	89
	    12
	    18
	123
	    17
	    22
	157
	    22
	    26

	22
	     3
	     5
	56
	     8
	     9
	90
	    12
	    19
	124
	    17
	    23
	158
	    22
	    27

	23
	     3
	     6
	57
	     8
	    10
	91
	    13
	    14
	125
	    17
	    24
	159
	    22
	    28

	24
	     3
	     7
	58
	     8
	    11
	92
	    13
	    15
	126
	    18
	    19
	160
	    22
	    29

	25
	     3
	     8
	59
	     8
	    12
	93
	    13
	    16
	127
	    18
	    20
	161
	    23
	    24

	26
	     3
	     9
	60
	     8
	    13
	94
	    13
	    17
	128
	    18
	    21
	162
	    23
	    25

	27
	     3
	    10
	61
	     8
	    14
	95
	    13
	    18
	129
	    18
	    22
	163
	    23
	    26

	28
	     4
	     5
	62
	     8
	    15
	96
	    13
	    19
	130
	    18
	    23
	164
	    23
	    27

	29
	     4
	     6
	63
	     9
	    10
	97
	    13
	    20
	131
	    18
	    24
	165
	    23
	    28

	30
	     4
	     7
	64
	     9
	    11
	98
	    14
	    15
	132
	    18
	    25
	166
	    23
	    29

	31
	     4
	     8
	65
	     9
	    12
	99
	    14
	    16
	133
	    19
	    20
	167
	    23
	    30

	32
	     4
	     9
	66
	     9
	    13
	100
	    14
	    17
	134
	    19
	    21
	168
	    24
	    25

	33
	     4
	    10
	67
	     9
	    14
	101
	    14
	    18
	135
	    19
	    22
	169
	    24
	    26


Example 2

	GID
	Si
	Sj
	GID
	Si
	Sj
	GID
	Si
	Sj
	GID
	Si
	Sj
	GID
	Si
	Sj

	0
	     0
	     1
	34
	5
	10
	68
	    11
	    14
	102
	    17
	    18
	136
	    22
	    27

	1
	     0
	     2
	35
	5
	11
	69
	    11
	    15
	103
	    17
	    19
	137
	    22
	    28

	2
	     0
	     3
	36
	     6
	     7
	70
	    11
	    16
	104
	    17
	    20
	138
	    23
	    24

	3
	     0
	     4
	37
	     6
	     8
	71
	    11
	    17
	105
	    17
	    21
	139
	    23
	    25

	4
	     0
	     5
	38
	     6
	     9
	72
	    12
	    13
	106
	    17
	    22
	140
	    23
	    26

	5
	     0
	     6
	39
	     6
	    10
	73
	    12
	    14
	107
	    17
	    23
	141
	    23
	    27

	6
	     1
	     2
	40
	     6
	    11
	74
	    12
	    15
	108
	    18
	    19
	142
	    23
	    28

	7
	     1
	     3
	41
	     6
	    12
	75
	    12
	    16
	109
	    18
	    20
	143
	    23
	    29

	8
	     1
	     4
	42
	     7
	     8
	76
	    12
	    17
	110
	    18
	    21
	144
	    24
	    25

	9
	     1
	     5
	43
	     7
	     9
	77
	    12
	    18
	111
	    18
	    22
	145
	    24
	    26

	10
	     1
	     6
	44
	     7
	    10
	78
	    13
	    14
	112
	    18
	    23
	146
	    24
	    27

	11
	     1
	     7
	45
	     7
	    11
	79
	    13
	    15
	113
	    18
	    24
	147
	    24
	    28

	12
	     2
	     3
	46
	     7
	    12
	80
	    13
	    16
	114
	    19
	    20
	148
	    24
	    29

	13
	     2
	     4
	47
	     7
	    13
	81
	    13
	    17
	115
	    19
	    21
	149
	    24
	    30

	14
	     2
	     5
	48
	     8
	     9
	82
	    13
	    18
	116
	    19
	    22
	150
	25
	26

	15
	     2
	     6
	49
	     8
	    10
	83
	    13
	    19
	117
	    19
	    23
	151
	25
	27

	16
	     2
	     7
	50
	     8
	    11
	84
	    14
	    15
	118
	    19
	    24
	152
	25
	28

	17
	     2
	     8
	51
	     8
	    12
	85
	    14
	    16
	119
	    19
	    25
	153
	25
	29

	18
	     3
	     4
	52
	     8
	    13
	86
	    14
	    17
	120
	    20
	    21
	154
	25
	30

	19
	     3
	     5
	53
	     8
	    14
	87
	    14
	    18
	121
	    20
	    22
	155
	26
	27

	20
	     3
	     6
	54
	     9
	    10
	88
	    14
	    19
	122
	    20
	    23
	156
	26
	28

	21
	     3
	     7
	55
	     9
	    11
	89
	    14
	    20
	123
	    20
	    24
	157
	26
	29

	22
	     3
	     8
	56
	     9
	    12
	90
	    15
	    16
	124
	    20
	    25
	158
	26
	30

	23
	     3
	     9
	57
	     9
	    13
	91
	    15
	    17
	125
	    20
	    26
	159
	27
	28

	24
	     4
	     5
	58
	     9
	    14
	92
	    15
	    18
	126
	    21
	    22
	160
	27
	29

	25
	     4
	     6
	59
	     9
	    15
	93
	    15
	    19
	127
	    21
	    23
	161
	27
	30

	26
	     4
	     7
	60
	    10
	    11
	94
	    15
	    20
	128
	    21
	    24
	162
	28
	29

	27
	     4
	     8
	61
	    10
	    12
	95
	    15
	    21
	129
	    21
	    25
	163
	28
	30

	28
	     4
	     9
	62
	    10
	    13
	96
	    16
	    17
	130
	    21
	    26
	164
	29
	30

	29
	     4
	    10
	63
	    10
	    14
	97
	    16
	    18
	131
	    21
	    27
	165
	0
	7

	30
	     5
	     6
	64
	    10
	    15
	98
	    16
	    19
	132
	    22
	    23
	166
	1
	8

	31
	     5
	     7
	65
	    10
	    16
	99
	    16
	    20
	133
	    22
	    24
	167
	2
	9

	32
	     5
	     8
	66
	    11
	    12
	100
	    16
	    21
	134
	    22
	    25
	168
	3
	10

	33
	     5
	     9
	67
	    11
	    13
	101
	    16
	    22
	135
	    22
	    26
	169
	4
	11


Appendix B: Simulation Assumptions

The simulation assumptions are given in Table B1 below. 

	Parameter
	Assumption

	Bandwidth
	1.25 MHz

	Carrier frequency
	2 GHz

	Channel Model
	Typical Urban 3 kmph

	CP size
	Short

	No. TX and RX antennas
	1 TXA, 2 RXAs, uncorrelated

	Frequency offset 
	±0.1 ppm (maximum):  frequency offset is modeled as a uniform random variable. 

	Timing detection algorithm
	1-part replica-based

	Frequency offset estimation
	Off

	P-SCH/S-SCH symbols for averaging
	1 / 1 (1 frame)

	SSC detection
	· Coherent with P-SCH based channel estimation
· Joint detection of segment 1 and 2 unless stated otherwise


Table B1: Link Level Simulation Assumptions
Appendix C: Performance of simple mapping with different configurations
Figure C1 depicts the performance of the simple mapping with 3 different configurations:
1. S1 uses 11 M-sequences, S2 uses 31 M-sequences

2. S1 uses 18 M-sequences, S2 uses 19 M-sequences

3. S1 uses 31 M-sequences, S2 uses 11 M-sequences

The same mapping strategy (simple mapping) is used for the 3 configurations to isolate the effect of the larger number of secondary scrambling codes. While larger number of sequences for S1 implies an increased number of secondary scrambling codes, the difference in performance among the three configurations remains negligible with the serial SSC detection. Note that the SSC detection error comes from both the segments and larger set of S1 implies smaller set of S2. Hence, using more sequences for S1 does not imply worse performance with serial SSC detection as also evident from the results below.
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Figure C1. Performance of simple mapping with different number of codes for segment 1 and 2 assuming joint and serial SSC detections
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