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1. Introduction

In this contribution, we summarize our view on S-SCH according to current working assumption. In chapter 2, we discuss sequence type considering UE complexity and Tx PAPR. In chapter 3, we compare some S-SCH candidates with two-combined SSCs. In chapter 4, our conclusion is summarized.
2. Sequence type selection
In previous meeting, binary-based SSC was agreed [1]. Among several binary sequences, Hadamard orthogonal sequence could be a good candidate since it can reduce the complexity using FHT (Fast Hadamard Transform). However, scrambling code over Hadamard sequences would be required in order to reduce PAPR since almost all columns of Hadamard sequence themselves result in extremely high PAPR. In [2], Golay sequence was proposed as a scrambling code. Golay sequence modulated Hadamard can satisfy the non-oversampled PAPR within 3dB without pulse-shaping for all Hadamard columns only if it occupies the entire bandwidth as one code. Figure 1 (a) and (b), respectively, show the PDF of PAPR and raw CM applying 64-length Golay modulated Hadamard sequence as one code. As shown in these figures, the pure Golay modulated Hadamard has below 3dB non-oversampled PAPR and 2.9762dB raw CM. Therefore, from the perspective of the complexity and PAPR (CM), we prefer Golay modulated Hadamard sequence as SSC.
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(a) PAPR (non-oversampled)                                            (b) Raw CM

Figure 1 PDF of PAPR and CM of pure Golay-Hadamard
3. S-SCH structure
 There have been two S-SCH structures as two-combined SSCs. One is interleaved mapping, the other is localized mapping [2][3][4]. In this chapter, we compare four mapping methods based on interleaved and localized mapping as following.
· Conventional interleaved mapping <Figure 2 (a)>
· Two SSCs are mapped into in-phase components in an interleaved manner.
· Conventional localized mapping <Figure 2 (b)>
· Two SSCs are mapped into in-phase components in a localized manner.

· Rotational interleaved mapping <Figure 2 (c)>
· Two SSCs are mapped into in-phase and quadrature components with pi/2-rotation in an interleaved manner.
· Rotational localized mapping <Figure 2 (d)>
· Two SSCs are mapped into in-phase and quadrature components with pi/2-rotation in a localized manner.
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(a) Conventional interleaved mapping                (b) Conventional localized mapping
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(c) Rotational interleaved mapping                   (d) Rotational interleaved mapping

Figure 2 SSC mapping methods
· Complexity analysis
 The above four methods basically have the same complexity. Since current SSCs are binary-based sequence, the complex multiplication can be totally avoided. In Table 1, the number of complex additions is summarized. 
Table 1 Complexity analysis

	# of hypotheses
	Required minimum # of hadamard columns
	# of complex additions
	# of complex additions
(with FHT)

	340
	19
	1216
	320

	680
	27
	1728
	320


· Simulation results
 In this section, we evaluate above four mapping methods via link level simulation. Coherent S-SCH detection was performed using P-SCH. Two SSCs with 32-length Golay-Hadamard were used, and 27 Hadamard sequences were used for 680 hypotheses. The detailed simulation parameters were described in Table 2.
Table 2 Simulation parameters

	Parameters
	Explanation

	Carrier frequency
	2GHz

	Sampling frequency
	1.92MHz

	FFT size
	128

	# of used subcarriers
	64

	CP type
	short CP

	# of hypotheses in S-SCH
	680

	PSC
	64-length ZC

	SSC
	two 32-length Golay modulated
Hadamard sequences

	Timing acquistion
	ideal acquisition

	Residual frequency offset at SSC detection
	0, 0.5, 1.0, 1.5, 2.0ppm

	Channel estimation
	real estimation

	Channel model
	6-ray TU

	Speed
	30km/h


 From Figure 3 (a) to (e) depict the detection error rates for S-SCH detection according to residual frequency offset which always happens with real frequency offset estimation. The situation with the large residual frequency offset error is most likely to happen in initial cell search. From the simulation results, we can obtain the following observations;
· Interleaved mapping method is superior to localized mapping one due to the frequency diversity gain.
· With relatively small residual frequency offset (<1.0ppm), the conventional and rotational mapping methods show similar performance.

· With relatively large residual frequency offset (>=1.0ppm), which can be the worst case, the rotational mapping method is superior to the conventional mapping one.

· The interference due to residual frequency offset from the next subcarrier can be reduced by allocating SSCs in the different orthogonal constellation-domain without any additional overhead/complexity.
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(a) Residual frequency offset = 0.0ppm
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(b) Residual frequency offset = 0.5ppm
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(c) Residual frequency offset = 1.0ppm
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(d) Residual frequency offset = 1.5ppm
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(e) Residual frequency offset = 2.0ppm
Figure 3  Comparison of detection error rate
 In addition, with any two-combined SSC structure, PAPR/CM properties are degraded although we use Golay-Hadamard as SSCs. PAPR and CM properties for above four mapping methods were shown in Annex A. As shown in the figures, the interleaved and localized mapping methods have similar PAPR/CM properties. At each case, the PAPR/CMs for conventional and rotational mapping methods have exactly same PAPR/CM properties.
3. Conclusions

 In this contribution, we discuss some S-SCH sequence and structure. Based on above discussion, our preference and proposal are summarized as follows;
· SSC – Golay-Hadamard sequence

· It can provide low complexity (Fast Hadamard Transform) and low PAPR/CM.

· SSC mapping method – rotational interleaved mapping method <Figure 2 (c) >
· It can provide performance improvement under residual frequency offset without any effect and additional complexity/overhead.
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Annex A. PAPR and CM property for four mapping methods with Golay-Hadamard sequence ( Figure 2 )
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A-Figure 1 PAPR/CM for interleaved mapping method <Figure 2 (a)>
[image: image14.emf]0 1 2 3 4 5 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PDF of PAPR, Golay modulated Hadamard, Localized

PAPR [dB]

PDF

[image: image15.emf]0 1 2 3 4 5 6 7 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PDF of Raw CM, Golay modulated Hadamard, Localized

PDF

Raw CM[dB]


A-Figure 2 PAPR/CM for localized mapping method <Figure 2 (b)>
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A-Figure 3 PAPR/CM for rotational interleaved mapping method <Figure 2 (c)>
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A-Figure 4 PAPR/CM for rotational localized mapping method <Figure 2 (d)>
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