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1. Introduction

In this contribution, we summarize our views on S-SCH according to current working assumption [1]. The Cubic Metric analysis is firstly to be done, and the link level simulation results will be shown.
The following S-SCH structure will be compared;

· In-phase interleaved structure <Figure 1 (a)>
· Two binary codes are mapped to only I-phase components in an interleaved manner.

· Rotational interleaved structure <Figure 1 (b)>
· Two binary codes are mapped to I-phase and Q-phase components in an interleaved manner.
· In-phase localized structure <Figure 1 (c)>
· Two binary codes are mapped to only I-phase components in a localized manner.
· Rotational localized structure <Figure 1 (d)>
· Two binary codes are mapped to I-phase and Q-phase components in a localized manner.
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(a) In-phase interleaved structure                                         (b) Rotational interleaved structure
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(c) In-phase localized structure                                     (d) Rotational localized structure
Figure 1 S-SCH structure
2. S-SCH structure comparison
· CM analysis
PAPR/CM (Cubic Metric) is obviously important for 1.25MHz transmission. It might be also important for other transmission bandwidth since the high-boosted SCH signal will be likely to transmitted (not mandated though) without data part outside 1.095 MHz (6RBs).
With pure-Hadamard sequence, some of them show extremely high PAPR (CM). Therefore, at least, scrambling on top of SSC would be required in case of Hadamard sequence [4]. As a scrambling code, we select Golay sequence for comparison [3].
Figure 2 (a) ~ (d) show raw CM for above four S-SCH structure. The amount of information which can satisfy raw CM below that of DL QPSK transmission (6.21dB) is 806, 806, 834, and 834, respectively. We set the threshold to 6.24dB.
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(a) In-phase interleaved                                                      (b) Rotational interleaved
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(c) In-phase localized                                                  (d) Rotational localized
Figure 2 Raw CM according to S-SCH structures
In Table 1, the amount of available information which can satisfy below DL QPSK transmission is summarized. In which, the raw CM for DL QPSK Tx is ~6.24dB, and the amount of required SSC info is 680.

Table 1. Amount of available info below raw CM of DL QPSK transmission (<6.24dB)
	
	In-phase interleaved Figure 1 (a)
	Rotational interleaved Figure 1 (b)
	In-phase localized Figure 1 (c)
	Rotational localized Figure 1 (d)

	Amount of info
	806
	806
	834
	834


· Cell search time
 We will compare the cell search time performance for above four structures. The parameters for link level simulation were shown in Annex A. 
Figure 3 shows 95-percentile cell search time performance in case of 5ppm FO and 0.1ppm FO. For both FO cases, we employed 2-part replica based timing acquisition. From the simulation results, we can observed that
· In case of 5ppm FO, @ SNR -10dB
· In-phase interleaved structure is faster than In-phase (Rotational) localized structure, as much as ~27.6ms
· Rotational interleaved structure is faster than In-phase (Rotational)  localized structure, as much as ~40.0ms
· Rotational interleaved structure is faster than In-phase interleaved structure ~11.4ms
· In case of 0.1ppm FO, @ SNR -10dB
· In-phase (Rotational) interleaved structure is faster than In-phase (Rotational) localized structure, as much as ~25.0ms
[image: image9.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2

0

50

100

150

200

250

300

350

400

TU6 30km/h, Golay-Hadamard

SNR[dB]

95% cell search time[ms]

5ppm FO, In-phase interleaved

5ppm FO, Rotational interleaved

5ppm FO, In-phase localized

5ppm FO, Rotational localized

0.1ppm FO, In-phase interleaved

0.1ppm FO, Rotational interleaved

0.1ppm FO, In-phase localized

0.1ppm FO, Rotational localized


Figure 3 95-percentile cell search time performance
3. Conclusion
In this contribution, we compared four S-SCH structures. (Figure 1(a) ~ Figure 1(d)). Basically, all candidates have the same complexity. Based on above analyses, our suggestions are;
· Interleaved structure for S-SCH

· As a detailed mapping rule, we recommend rotational interleaved structure. When the residual frequency offset exists during SSC detection (e.g. initial cell search, sleep mode, etc), it can provide extra-gain without increasing complexity. 
References
[1] R1-071794, Qualcomm Japan, Ericsson, Motorola, Nokia, Nortel, NEC, TI, Huawei, Siemens, Philips, LGE, Samsung, Panasonic, ETRI, NTT DoCoMo, “Way forward for stage 2.5 details of SCH”

[2] R1-072860, LG Electronics, “P-SCH design”
[3] R1-071405, Huawei, “Comparison of Golay-Hadamard and Zadoff-Chu S-SCH sequences”
[4] R1-072328, LG Electronics, “Secondary-Synchronization Channel Design”
[5] R1-071628, NTT DoCoMo, Mitsubishi Electric, Sharp, Toshiba Corporation, “S-SCH Structure for E-UTRA Downlink”
[6] R1-071584, Ericsson, “Secondary Synchronization Signal Design”
Annex A Link level 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

	# of antennas
	1 Tx and 2 Rx

	PSC
	Nzc=65 with M=31 [2]

	SSC
	two 32-length Golay-Hadamard [3] 

	Frequency offset
	±5ppm and ±0.1ppm

	Timing acquistion
	2-part replica based

	Number of PSC samples to be correlated
	128-samples

	Frequency offset estimation
	Differential based from 2-part de-spreading

	Channel estimation
	Real estimation

	Channel model
	6-ray TU

	Speed
	30km/h
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