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1. Introduction

At the last meeting, approach 1 in [1] was agreed as the working assumption. In this contribution, we show our preferable P-SCH and S-SCH sequence structure.
2. P-SCH structure
2.1. Sequence for P-SCH

We prefer Frank sequence-based P-SCH sequence [2], because it can achieve lower complexity than CAZAC or GCL sequence-based P-SCH sequences.

2.2. Single sequence or multiple sequences for P-SCH

It is FFS whether multiple P-SCH sequences are used or not. Multiple P-SCH sequences can achieve better performance in the S-SCH detection than single P-SCH sequence if S-SCH is detected coherently using P-SCH as phase reference in the synchronous network. However the complexity level in the timing detection becomes higher. So the number of P-SCH sequences should be minimized, even if multiple P-SCH sequences are applied.

3. S-SCH structure
A number of sequence designs have been proposed for S-SCH. In order to select the sequence the following point should be considered.

· Cell search performance

· Number of S-SCH sequences

· Complexity at the UE receiver

In this chapter, we discuss some sequence structures from the viewpoints of the number of S-SCH sequences and the complexity.
One of the most typical structures is the orthogonal sequences scrambled by multiple scrambling sequences. The orthogonal sequences scrambled by single scrambling sequence can be also considered. In this case, the interleaved mapping is proposed to increase the number of S-SCH sequences. We employ the GCL sequence modulated by complex exponential wave [3-5] and the Walsh sequence scrambled by GCL sequence as examples in the former structure. The combination of 2 Walsh sequences with interleaved mapping in the frequency domain [2] is employed as an example in the latter structure.
3.1. GCL sequence modulated by complex exponential wave
The GCL sequence modulated by complex exponential wave can be described by the following equation, where 
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 indicate the number of indices provided by complex exponential wave, complex exponential wave index and the length of the GCL sequence respectively. It is noted that modulation by complex exponential wave corresponds to cyclic shift in the time domain.
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3.1.1. Number of S-SCH sequences
 The total number of S-SCH sequences is the combination of indices provided by GCL sequences and complex exponential waves (cyclic shift in the time domain) respectively. The number of indices provided by GCL sequences depends on the length of sequence. Let the number of S-SCH sub-carriers be 72, the length of GCL sequence is 73 (correspond to the minimum prime number more than 72). In [4], 8 was chosen as the number of indices provided by complex exponential wave considering that residual timing error after initial timing detection as well as maximum delay spread of the TU channel. Therefore the total number of S-SCH sequences is 576(=72*8). However considering that extra large delay spread in the large cells (correspond to the long-CP duration), the number of indices provided by complex exponential wave might be limited up to 4.

3.1.2. Complexity at the UE receiver
 Figure 1 shows the S-SCH sequence index detector employ the GCL sequence modulated by complex exponential wave [4]. It is noted that the IDFT could be replaced by IFFT. This detector requires 
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 complex multiplications and 
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 indicate the number of sub-carriers occupied by S-SCH and FFT size respectively. Note that the FFT process and generation of channel estimates are not included in this calculation.
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Figure 1  S-SCH sequence index detector

3.2. Walsh sequence scrambled by GCL sequence

3.2.1. Number of S-SCH sequences

 The total number of S-SCH sequences is the combination of indices provided by Walsh sequences and GCL sequences respectively. The number of indices provided by Walsh sequences depends on the length of that. Let the number of S-SCH sub-carriers be 72, the length of Walsh sequence is 64 (correspond to the maximum power of 2 less than 72). The number of indices provided by GCL sequence depends on the length of that. However the larger the number of indices provided by GCL sequences is, the more complex the UE receiver is. We assume that the numbers of indices provided by GCL sequences are 8, 16 and 32 for complexity comparison. Therefore the total number of S-SCH sequences becomes 512(=64*8), 1024(=64*16) and 2048(=64*32) respectively.

3.2.2. Complexity at the UE receiver

Figure 2 shows the S-SCH sequence index detector employ the Walsh sequence scrambled by GCL sequence. It is noted that the correlator can be implemented by Fast Hadamard Transform (FHT). This detector requires 
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 indicate the length of Walsh sequence and the number of indices provided by GCL sequences respectively. Note that the FFT process and generation of channel estimates are not included in this calculation.
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Figure 2  S-SCH sequence index detector

3.3. Combination of 2 Walsh sequences with interleaved mapping in the frequency domain
An S-SCH sequence consists of 2 Walsh sequences interleaved in the frequency domain in order to increase the number of S-SCH sequences. The S-SCH sequence is scrambled by single scrambling sequence to randomize the time-domain S-SCH signal waveform.

3.3.1. Number of S-SCH sequences

 The total number of S-SCH sequences is the combination of indices provided by each Walsh sequence. We employ 2 Walsh sequences with length of 32, then the total length of the S-SCH sequence become 64. Therefore the total number of S-SCH sequences is 1024(=32*32).

3.3.2. Complexity at the UE receiver
Figure 3 shows the S-SCH sequence index detector employ the combination of 2 Walsh sequences with interleaved mapping in the frequency domain. It is noted that the correlator can be implemented by Fast Hadamard Transform (FHT). This detector requires 
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Figure 3  S-SCH sequence index detector

Table 1 shows the summary of the number of S-SCH and the complexity for each sequence design. The combination of 2 Walsh sequences with interleaved mapping in the frequency domain can achieve much less complex receiver than the others. On the other hand the Walsh sequence scrambled by GCL sequence can provide the most number of S-SCH sequences at the cost of complexity. If 1024 S-SCH sequences, which can carry 10 bits information, are sufficient and there is not much difference in the cell search performance between them, the combination of 2 Walsh sequence with interleaved mapping in the frequency domain should be employed. 
	Table 1  Comparison of S-SCH sequence structures

　
	GCL sequence

modulated by

complex

exponential

wave
	Walsh sequence

scrambled by

GCL sequence
	Combination of

2 Walsh sequences
with interleaved

mapping

	# of S-SCH sequences
	576
	512
	1024
	2048
	1024

	Computational

complexity
	Complex multiplication
	1239
	832
	1600
	3136
	128

	
	Complex

addition
	1792
	3072
	6144
	12288
	320


4. Conclusion

In this contribution, our views on SCH were shown. Our preference is Frank sequence-based P-SCH sequence from the viewpoint of the complexity. We analyzed some S-SCH sequence structures from viewpoints of the number of S-SCH sequence and its complexity. If 1024 S-SCH sequences are sufficient and there is no difference in the cell search performance, the combination of 2 Walsh sequence with interleaved mapping in the frequency domain should be employed.
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